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Description

BACKGROUND

[0001] The present disclosure generally relates to ve-
hicle and aircraft navigation, and more particularly to
methods and apparatus related to controlling a vehicle
by continuously providing guidance even when a desig-
nated route, such as indicated using a flight plan for an
aircraft, changes during operation of the vehicle. Guid-
ance, navigation, and control systems for aircraft include
avionics on the aircraft and associated support systems.
The avionics on the aircraft can include an autopilot, per-
haps as part of a flight management system. The auto-
pilot can be used to control the aircraft without constant
hands-on control by a human operator; e.g., an aircraft
pilot or co-pilot. Autopilots do not replace human opera-
tors; rather, autopilots assist human operators in control-
ling the aircraft. In some cases, autopilots can enable
human operators to focus on broader aspects of aircraft
operations, such as monitoring weather and/or other as-
pects of the aircraft.
[0002] US 9,115,995 B1, in accordance with its ab-
stract, states: It provides systems, apparatus and means
to perform various FMS flight plan edits and definition of
navigation reference fixes using interactive graphical
representations displayed on an MFD rather than a text-
based CDU. In two of the embodiments of the present
invention, means are provided where minimal pilot ac-
tions, i.e., shortcuts, (which may also include entry/ad-
justment of a numerical value) are performed on an elec-
tronic display that accomplish particular flight plan edits
as compared to several pilot actions when using a CDU
to perform the same edits. In another embodiment of the
present invention, a means is provided where the data
entry method is graphical in nature rather than alphanu-
meric text for inserting an airway into a flight plan. The
alphanumeric identifiers are represented as graphical
objects which are selectable. In yet another embodiment,
the present invention teaches a means for a flight plan
modification consisting of the entry or bidirectional ad-
justment of a parallel offset value directly on an electronic
map. In another embodiment, the system includes the
display of a dialog box showing interactive lists of the
available instrument procedures for the selected airport
which is displayed on an electronic map. The display lists
remain in view after selections are made with the active
selection and new selection highlighted differently in the
list. In another embodiment of the present invention, a
means is provided to allow entry/adjustment of navigation
reference fix input data directly on the electronic map.
Graphical navigation reference fix symbology is dynam-
ically positioned on the electronic map while the input
data value is being adjusted.
[0003] EP 1 598 641 A1, in accordance with its ab-
stract, states: The method involves determining an aux-
iliary flight plan corresponding to a lateral revision of a
current flight plan on a low altitude flight section. A deci-

sion point indicating last position of an aircraft along the
current flight plan is automatically determined. A pilot ac-
tivates the auxiliary plan according to automatic presen-
tation of the point on a head up display, for performing
lateral revision of the current plan. Independent claims
are also included for the following: (A) a device for per-
forming a lateral revision of a current flight plan of an
aircraft; and (B) an aircraft comprising an automatic guid-
ing system with a device performing lateral revision.

SUMMARY

[0004] In one example, a method to control an aircraft
is provided and defined in claim 1. A computing device
receives one or more first flight-plan-related inputs. The
first flight-plan-related inputs include a first flight plan to
fly from an origin to a destination via one or more way-
points. The computing device calculates a first flight tra-
jectory for the first flight plan. While controlling the aircraft
to fly along the first flight trajectory, the computing device:
receives one or more second flight-plan-related inputs
that change the first flight plan to a second flight plan;
determines whether the second flight-plan-related inputs
include one or more of: an input to change the origin, an
input to change the destination, an input to add a way-
point to the one or more waypoints, and an input to delete
a waypoint of the one or more waypoints; and after de-
termining that the second flight-plan-related inputs in-
clude one or more of: an input to change the origin, an
input to change the destination, an input to add a way-
point to the one or more waypoints, and an input to delete
a waypoint of the one or more waypoints, calculates a
second flight trajectory for the second flight plan. After
the computing device has calculated the second flight
trajectory, the computing device performs a switch from
controlling the aircraft to fly along the first flight trajectory
to controlling the aircraft to fly along the second flight
trajectory, where the aircraft maintains continuous flight
along the first flight trajectory during the switch.
[0005] In another example, a computing device as de-
fined in claim 11 is described. The computing device in-
cludes one or more processors and one or more non-
transitory computer-readable media configured to store
at least computer-readable instructions that, when exe-
cuted by the one or more processors, cause the comput-
ing device to perform functions. The functions include:
receiving one or more first flight-plan-related inputs that
include a first flight plan to fly an aircraft from an origin
to a destination via one or more waypoints; calculating a
first flight trajectory for the first flight plan; while controlling
the aircraft to fly along the first flight trajectory: receiving
one or more second flight-plan-related inputs that change
the first flight plan to a second flight plan; determining
whether the second flight-plan-related inputs include one
or more of: an input to change the origin, an input to
change the destination, an input to add a waypoint to the
one or more waypoints, and an input to delete a waypoint
of the one or more waypoints; and after determining that
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the second flight-plan-related inputs include one or more
of: an input to change the origin, an input to change the
destination, an input to add a waypoint to the one or more
waypoints, and an input to delete a waypoint of the one
or more waypoints, calculating a second flight trajectory
for the second flight plan; and after calculating the second
flight trajectory, performing a switch from controlling the
aircraft to fly along the first flight trajectory to controlling
the aircraft to fly along the second flight trajectory, where
the aircraft maintains continuous flight along the first flight
trajectory during the switch.
[0006] In still another example, a non-transitory com-
puter readable medium is described and defined in claim
15. The non-transitory computer readable medium has
stored thereon computer-readable instructions, that
when executed by one or more processors of a comput-
ing device associated with an aircraft, cause the comput-
ing device to perform functions. The functions include:
receiving one or more first flight-plan-related inputs that
include a first flight plan to fly from an origin to a desti-
nation via one or more waypoints; calculating a first flight
trajectory for the first flight plan; while controlling the air-
craft to fly along the first flight trajectory: receiving one
or more second flight-plan-related inputs that change the
first flight plan to a second flight plan; determining wheth-
er the second flight-plan-related inputs include one or
more of: an input to change the origin, an input to change
the destination, an input to add a waypoint to the one or
more waypoints, and an input to delete a waypoint of the
one or more waypoints; and after determining that the
second flight-plan-related inputs include one or more of:
an input to change the origin, an input to change the
destination, an input to add a waypoint to the one or more
waypoints, and an input to delete a waypoint of the one
or more waypoints, calculating a second flight trajectory
for the second flight plan; and after calculating the second
flight trajectory, performing a switch from controlling the
aircraft to fly along the first flight trajectory to controlling
the aircraft to fly along the second flight trajectory, where
the aircraft maintains continuous flight along the first flight
trajectory during the switch.
[0007] The features, functions, and advantages that
have been discussed can be achieved independently in
various embodiments or may be combined in yet other
embodiments further details of which can be seen with
reference to the following description and drawings.

BRIEF DESCRIPTION OF THE FIGURES

[0008]

FIG. 1 is a diagram of an aircraft, according to an
example embodiment.
FIG. 2 is a block diagram of a computing device,
according to an example embodiment.
FIGS. 3, 4, and 5 illustrate a scenario where a tra-
jectory calculator calculates flight trajectories for an
aircraft, according to an example embodiment.

FIG. 6 illustrates a scenario where a trajectory cal-
culator routes inputs and outputs for flight trajectories
for an aircraft, according to an example embodiment.
FIG. 7 is a flowchart of a method for determining
routing configurations based on reasons for chang-
ing flight plans, according to an example embodi-
ment.
FIG. 8 is a flowchart of a method for controlling an
aircraft, according to an example embodiment.

DETAILED DESCRIPTION

[0009] Herein described are techniques, methods, and
apparatus related to guiding an aircraft using an autopilot
along a flight plan. In some examples, the herein-de-
scribed techniques are applicable to other vehicles than
aircraft that follow use automated techniques to follow a
similar plan to a flight plan; e.g., an automated driver for
a motor vehicle, an automated pilot of a boat, ship or
other water-borne vehicle. Prior techniques process a
mid-course change of the flight plan by recalculating the
whole flight path, which can interrupt control of aircraft
by a flight management system (FMS). Interrupting con-
trol of an aircraft by the flight management system can
cause the aircraft to disengage the autopilot and possibly
lead to unexpected course changes. In contrast to those
prior techniques, the herein-described techniques pro-
vide continuous guidance to aircraft using autopilot
and/or other autonomous flying systems by processing
a mid-course change of a flight plan by calculating a re-
mainder of a changed flight plan in parallel with providing
aircraft controls from a current flight plan and switching
from the current flight plan to the changed flight plan with-
out interrupting control of the aircraft by the flight man-
agement system, thereby avoiding unexpected course
changes due to processing mid-course changes.
[0010] The herein-described techniques can be per-
formed by a computing device executing software to per-
form one or more functions of a trajectory calculator. The
trajectory calculator can receive a flight plan for an air-
craft, where the flight plan specifies that the aircraft is to
fly or otherwise travel from a source location (or source,
for short) to a destination location (or destination, for
short) via one or more waypoints. In other examples, the
trajectory calculator can receive a travel plan for a vehicle
other than an aircraft, where the travel plan is similar to
a flight plan by specifying that the vehicle is to travel from
a source to a destination via one or more waypoints.
Then, the trajectory calculator can calculate or "con-
struct" a continuous, flyable trajectory from the flight plan
and produce one or more outputs for controlling the air-
craft to travel along the trajectory, e.g., using a flight man-
agement system that receives the outputs of the trajec-
tory calculator.
[0011] In some cases, flight plans are subject to
change; e.g., due to air traffic control instructions, chang-
es in meteorological conditions, changes in aircraft
weight data, and/or changes in aircraft velocity data. In
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some cases, flight plan changes involve a pilot or other
aircraft personnel editing the flight plan. If the flight plan
changes, the trajectory calculator can copy the original
flight plan, make the changes to the copy of the flight
plan, and calculate a new trajectory based on the
changed flight plan. If the pilot decides to use the new
trajectory, the trajectory calculator can change a state of
the new trajectory from being in an inactive or standby
state to an active state, where a trajectory in the inactive
state cannot be used to control the aircraft, and where a
trajectory in the active state can be used to control the
aircraft.
[0012] Because the trajectory calculator calculates a
trajectory based on an input flight plan, the trajectory cal-
culator could restart trajectory calculation when a state
of the flight plan changes. But, instead of starting over or
copying the trajectory in the same manner as the flight
plan, the herein-described techniques include remapping
an edited (or standby) trajectory to a new output even
though an input (as far as a flight management system
is concerned) was changed. To remap trajectories, the
trajectory calculator can simultaneously calculate multi-
ple trajectories using multiple trajectory processes, track
states of the flight plans and trajectories and, and deter-
mine when and how to properly remap trajectories by
switching between trajectory processes.
[0013] The trajectory calculator can include an input
router that assigns a flight plan to a trajectory process or
"swim-lane" dedicated to the flight plan and directs (or
routes) inputs associated with the flight plan to the tra-
jectory process dedicated to the flight plan. The trajectory
calculator can include an output router that can direct (or
route) outputs of trajectory processes for use by down-
stream flight management systems (e.g., an auto-pilot
system) and/or for use by a pilot, so that the downstream
flight management systems and/or the pilot can fly the
aircraft using the assigned trajectory. Each trajectory
process can be launched and maintained in a continuous
manner such that a calculated trajectory can be accessed
for use in controlling the aircraft at any time (after the
trajectory is calculated) without having to perform addi-
tional functions or to re-start a trajectory calculation when
a change to use the previously-calculated trajectory is
executed.
[0014] The input router can include an input decision
engine to route inputs and/or otherwise direct trajectory
processes and the output router can include a corre-
sponding output decision engine to route outputs of tra-
jectory processes. The input and output decision engines
can each adhere to a respective set of rules that respec-
tively assure that inputs for and outputs of each trajectory
process are correctly routed; that is, inputs for a trajectory
process TP_EXAMPLE specified by flight plan
FP_EXAMPLE are routed to TP EXAMPLE by the input
decision engine and outputs of TP EXAMPLE are routed
as necessary to downstream systems (e.g., a flight man-
agement system, systems that provide feedback to a pi-
lot) by the output decision engine.

[0015] The input decision engine can process informa-
tion regarding changes in flight plans (including informa-
tion regarding specification of new flight plans) to deter-
mine if or when a new trajectory process is to be assigned
to calculate a trajectory for a flight plan, if or when a tra-
jectory process is to be terminated and, if or when a tra-
jectory process is to be assigned to a particular output.
For example, the input decision engine can initialize rout-
ing of flight plans to trajectory processes by assigning
flight plans to pre-selected trajectory processes. After in-
itialization, this input decision engine can maintain as-
signment of flight plans to trajectory processes until a
change in a flight plan is made that can cause reexami-
nation of flight plan and/or trajectory process states. In
some examples, a result of reexamination of flight plan
and/or trajectory process states is calculation and/or re-
calculation of one or more trajectories.
[0016] In some examples, a change in a flight plan that
causes reexamination of flight plan and/or trajectory
process states can be based on the change itself. Such
changes to flight plans that can cause reexamination
flight plan and/or trajectory process states can include,
but are not limited to, a change in an origin of a flight
plan, a change in a destination of a flight plan, a change
in an actual or estimated time related to a flight plan (e.g.,
a departure time, an arrival time, a time to reach a way-
point), and/or a change to a waypoint; e.g., addition of a
waypoint, deletion of a waypoint, and/or a change of a
location of a waypoint beyond a threshold distance. Other
changes to flight plans that can cause reexamination of
a flight plan and/or trajectory process states can include,
but are not limited to, a change of meteorological condi-
tion data associated with a flight plan, a change of aircraft
weight data, and/or a change of aircraft velocity data. In
other examples, a change to flight plans that can cause
reexamination of a flight plan and/or trajectory process
states can be based on a reason for the change of the
flight plan. Example reasons for a change of the flight
plan that can cause reexamination of a flight plan and/or
trajectory process states can include, but not limited to,
a reason indicating that a flight plan was activated, a rea-
son indicating that a flight plan was deactivated, a reason
indicating that a flight plan was executed, a reason indi-
cating that a flight plan was discarded, and a reason in-
dicating that a flight plan was edited. Other changes to
a flight plan that can cause reexamination of flight plan
and/or trajectory process states are possible as well.
[0017] After a flight plan is routed to a trajectory proc-
ess, the trajectory process calculates a trajectory for the
flight plan, and any outputs of the trajectory process are
passed through the output decision engine, which maps
trajectory process output to any outputs associated with
the flight plan. Each trajectory process can calculate a
trajectory to multiple levels of completeness as deter-
mined through the input decision engine.
[0018] Completeness can refer to levels of precision,
features or degree of optimization included in the profile
construction. For example, a trajectory can be calculated
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as a lateral or "stick figure" trajectory or as a lateral and
vertical predictive trajectory. A lateral trajectory for a flight
plan can include a path from the source to the destination
via the respective waypoints of the flight plan. In some
examples, a lateral trajectory can be a stick figure trajec-
tory that includes the path from the source to the desti-
nation via the respective waypoints of the flight plan but
turn transitions are between the source, destination,
and/or waypoints are not determined. A lateral and ver-
tical predictive trajectory (or lateral and vertical trajectory,
for short) can include the path from the source to the
destination via the respective waypoints of the flight plan
and altitude / vertical information for aircraft travel along
the path. In some examples, a lateral and vertical trajec-
tory can be considered to be more complete than a cor-
responding lateral trajectory, and a lateral trajectory with
turn transitions can be considered to be more complete
than a corresponding stick figure trajectory. Other types
of trajectories and corresponding levels of completeness
are possible as well.
[0019] As another example, a trajectory can be calcu-
lated within different thresholds of precision associated
with different levels of completeness; e.g., a first path
from the source to the destination via the respective way-
points of the flight plan can be determined within a first
threshold or predetermined number of feet, miles, kilom-
eters, or other unit of measure associated with a first level
of completeness, and a second path from the source to
the destination via the respective waypoints of the flight
plan can be determined within a second threshold or pre-
determined number of feet, miles, kilometers, or other
unit of measure associated with a second level of com-
pleteness, where the first threshold is greater than from
the second threshold - thus, the second level of com-
pleteness can be considered to be more complete than
the first level of completeness.
[0020] As another example, a threshold process can
apply one or more optimization techniques to a calculated
trajectory; e.g., a trajectory can have a first level of com-
pleteness representing a partially calculated trajectory,
a second level of completeness representing a complete-
ly calculated trajectory without any optimization tech-
niques applied, a third level of completeness represent-
ing a completely calculated trajectory with at least one
optimization technique applied, a fourth level of com-
pleteness representing a completely calculated trajecto-
ry with at least two optimization techniques applied, etc.
[0021] The input router can be employed upon recep-
tion of an input that indicates one or more flight plans has
been updated. If there is no change to a flight plan or its
state, the input decision engine of the input router may
not determine any changes in decision outcomes and so
trajectory calculation can continue within each trajectory
process. When there is a change to a flight plan or its
state, the flight plan change is sent to the input decision
engine, which can determine which trajectory process is
assigned to a flight plan associated with the flight plan
change. Based on the flight plan state, the flight plan

change, and/or a reason for the flight plan change, the
input decision engine can change the assignment of flight
plans to trajectory processes. In some examples, the in-
put decision engine can determine that the flight plan
state, the flight plan change, and/or the reason for the
flight plan change does not warrant changing the assign-
ment of flight plans to trajectory processes and so can
maintain the assignment.
[0022] As an example, when the input router and input
decision engine are initialized, the input router and input
decision engine can receive initial (perhaps empty) flight
plans that are in INACTIVE states. Then, the input deci-
sion engine can assign the initial flight plans to initial tra-
jectory processes. In some examples, the initial trajectory
processes calculate corresponding stick-figure trajecto-
ries for the initial flight plans. After initialization, a flight
plan remains with its corresponding trajectory process
unless the input decision engine receives an input indi-
cating there is a change to a flight plan - then, the input
decision engine can change the assignment of flight
plans to trajectory processes.
[0023] To make an in-course change to a flight plan,
an original flight plan (typically an ACTIVE flight plan
whose trajectory is being used to control the aircraft) is
initially edited to create a new flight plan. An initial edit
of an original flight plan can cause the trajectory calcu-
lator to assign a new flight plan (termed a MOD (for mod-
ified) flight plan) with a corresponding trajectory process.
The trajectory process assigned to the MOD flight plan
can process a flight trajectory for the new flight plan while,
in parallel, a trajectory process assigned with an ACTIVE
flight plan can process a flight trajectory for the original
flight plan.
[0024] As part of being assigned to the MOD flight plan,
the trajectory process assigned to the MOD flight plan
can create the new flight plan as a copy of the original
flight plan and can receive a copy of the trajectory used
for the original flight plan, thus allowing the trajectory
process for the MOD flight plan to save time during initial
trajectory calculation. Further, creation of the MOD flight
plan to edit a copy of the flight plan of an ACTIVE flight
plan does not interrupt signals for the ACTIVE flight plan
while the flight plan is edited, as the ACTIVE flight plan
and corresponding original flight plan are unaffected by
editing the new flight plan of the MOD flight plan.
[0025] Once the new flight plan is done being edited,
the MOD flight plan can be activated for use in controlling
the aircraft. The trajectory calculator allows only one AC-
TIVE flight plan at a time, so activating the MOD flight
plan changes a state of the MOD flight plan to be ACTIVE,
and changes a state of the previously-ACTIVE flight plan
to be INACTIVE. As both the ACTIVE and MOD flight
plans are processed in parallel, activating the MOD flight
plan results in a substantially instantaneous switch of
flight plans so that the output of the trajectory calculator
for the ACTIVE flight plan is uninterrupted, even in cases
where the entire original flight plan was edited extensive-
ly. For example, the switch of flight plans that occurs
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when a MOD flight plan is activated can occur within a
threshold period of time, and so occurs substantially in-
stantaneously; e.g., the threshold period of time can be
100 microseconds or less. As the output of the trajectory
calculator for the ACTIVE flight plan is uninterrupted, the
trajectory calculator can provide continuous outputs for
controlling an aircraft even when flight plans change.
[0026] Implementations of this disclosure provide tech-
nological improvements that are particular to guidance
systems, for example, guidance systems providing au-
topilot services for commercial, private, and military air-
craft. The herein-described techniques can be used to
produce continuous, flyable trajectories from flight plans
that are subject to change. The herein-described tech-
niques can be carried out by a trajectory calculator having
a plurality of trajectory processes, each of which can be
used to independently calculate a trajectory based on an
input flight plan, where the trajectory calculator enables
access to each calculated trajectory for aircraft control
at any time without having to perform additional functions
or re-start a trajectory calculation when a flight plan
change is executed. Further, the trajectory calculator can
enable switching between flight plans (and thereby
switching between trajectories) without interrupting con-
trol of the aircraft, thereby providing for continuously-con-
trolled flight before, during, and after such switches. Con-
tinuously-controlled flight increases aircraft flight reliabil-
ity by avoiding unexpected interruptions (e.g., one or
more "hiccups" in flight) due to flight plan changes - such
unexpected interruptions can cause passenger and air-
crew discomfort during flight.
[0027] Further, the trajectory calculator can compute
multiple trajectories in parallel at one time, which can
increase trajectory throughput of a guidance system with
the trajectory calculator. Also, since the trajectory calcu-
lator can compute multiple trajectories at one time, the
trajectory calculator increases guidance system flexibility
by enabling selection and switching to one of the multiple
computed trajectories for aircraft control as necessary
by a pilot, aircrew, autopilot, and/or other aircraft control
system. Additionally, while the herein-described tech-
niques are described in the context of aircraft control, the
herein-described techniques are applicable to control of
other vehicles that utilize travel plans similar to flight
plans; e.g., a truck, boat, or ship that follows a navigation
plan from a source location to a destination location via
one or more waypoints, perhaps under autonomous con-
trol.
[0028] FIG. 1 is a diagram of aircraft 100, according to
an example embodiment. Aircraft 100 includes comput-
ing device 102, which in turn includes guidance system
110. Guidance system 110 is shown in FIG. 1 with tra-
jectory calculator 120 and flight management system
(FMS) 130.
[0029] Trajectory calculator 120 can include input rout-
er 122, trajectory processes (TPs) 124A, 124B ... 124N,
and output router 126, where input router 122 can in turn
include input decision engine 128.

[0030] Computing device 102 can receive flight-plan-
related inputs 140, which can include one or more inputs
related to a flight plan for flying aircraft 100; e.g., an input
specifying a new flight plan, an input specifying one or
more changes to a flight plan, an input specifying activa-
tion and/or deactivation of a flight plan, an input adding,
subtracting, and/or modifying data associated with a flight
plan, an input discarding a flight plan, etc. Changes to a
flight plan can include, but are not limited to, a change in
an origin of a flight plan, a change in a destination of a
flight plan, a change in an actual or estimated time related
to a flight plan (e.g., a departure time, an arrival time, a
time to reach a waypoint), and/or a change to a waypoint;
e.g., addition of a waypoint, deletion of a waypoint, and/or
a change of a location of a waypoint beyond a threshold
distance. In some examples, a reason for a change to a
flight plan is provided in flight-plan-related inputs 140;
example reasons for changes to flight plans include, but
are not limited to: a reason indicating that a flight plan
was activated, a reason indicating that a flight plan was
deactivated, a reason indicating that a flight plan was
executed, a reason indicating that a flight plan was dis-
carded, and a reason indicating that a flight plan was
edited.
[0031] Data associated with a flight plan provided in
flight-plan-related inputs 140 can include, but is not lim-
ited to, data about meteorological conditions related to
the flight plan (e.g., wind speed data, wind direction data,
temperature data, humidity data, barometric pressure
data, precipitation data, weather prediction data), chang-
es in data about aircraft 100 (e.g., weight data, fuel data,
status information of equipment of aircraft 100), and
changes in data related to a location, speed, velocity,
and/or acceleration of aircraft 100. Flight-plan-related in-
puts 140 can also include information associated with a
current flight plan; e.g., a current heading and/or speed,
of aircraft 100, a change in route, a change in course,
etc. Other flight-plan-related inputs 140 are possible as
well.
[0032] Upon reception at computing device 102, flight-
plan-related inputs 140 can be provided to trajectory cal-
culator 120 of guidance system 110. Trajectory calculator
120 can process flight-plan-related inputs 140 to deter-
mine one or more trajectories. More specifically, input
router 122 can receive flight-plan-related inputs 140 and
can use input decision engine 128 to manage and/or pro-
vide inputs to each of trajectory processes 124A, 124B ...
124N. For example, input decision engine 128 can assign
a flight plan (FP) to a trajectory process so that the tra-
jectory process can calculate one or more trajectories for
the assigned flight plan. If a flight plan is changed, input
decision engine 128 can receive an indication that a
change to the flight plan has occurred, perhaps via flight-
plan-related inputs 140, where the indication can include
a change reason for changing the flight plan. Based on
the change reason, input decision engine 128 can deter-
mine whether to continue to maintain an assignment of
the changed flight plan to a trajectory process or to
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change an assignment of the changed flight plan to a
different trajectory process. After determining to change
the assignment of the changed flight plan to a different
trajectory process, input decision engine 128 can com-
municate information about the changed assignment to
input router 122 and/or output router 126. Input router
122 and output router 126 can respectively route inputs
to and outputs from the newly-assigned trajectory proc-
ess in accordance with the changed assignment.
[0033] Trajectory calculator 120 can use each of tra-
jectory processes 124A, 124B ... 124N to calculate a
flight trajectory associated with a flight plan of the one or
more flight plans specified in flight-plan-related inputs
140. As such, when trajectory calculator 120 has n tra-
jectory processes (n > 0), then trajectory calculator 120
can use the trajectory processes to calculate and main-
tain up to n different flight trajectories at one time. Outputs
of trajectory processes 124A, 124B ... 124N can be pro-
vided to output router 126 which can provide some or all
of the outputs of trajectory processes 124A, 124B ...
124N to flight management system 130 as flight plan tra-
jectory outputs 142.
[0034] Flight management system 130 can automate
one or more in-flight tasks for aircraft 100. In particular,
flight management system 130 can take flight plan tra-
jectory outputs 142 as inputs and use flight plan trajectory
outputs 142 to control aircraft 100; that is, flight manage-
ment system 130 can act as an autopilot for aircraft 100
to control aircraft 100; e.g., to travel along a trajectory
specified using flight plan trajectory outputs 142.
[0035] FIG. 2 is a block diagram of computing device
200, according to an example embodiment. Computing
device 200 includes one or more user interface compo-
nents 201, network-communication interface module
202, one or more processors 203, data storage 204, and
sensor(s) 210, all of which may be linked together via a
system bus, network, or other connection mechanism
205, in accordance with an example embodiment. In par-
ticular, computing device 200 can perform some or all of
the herein-described functionality related to one or more
of: a guidance system, a trajectory calculator, an input
decision engine, a flight management system, computing
device 102, scenario 300, and/or methods 700, 800. In
some examples, computing device 200 can be a mobile
or non-mobile computing device, and can be embodied
as one or more of: desktop computer, laptop or notebook
computer, personal data assistant (PDA), mobile phone,
smart phone, smart watch, embedded processor, and/or
any similar device that is equipped with at least one
processing unit capable of executing machine-language
instructions that implement at least part of the herein-
described techniques and methods. Other components
shown in FIG. 2 can be varied from the illustrative exam-
ples shown. Generally, the different embodiments can
be implemented using any hardware device or system
capable of running program code.
[0036] User interface component(s) 201 can include
one or more components that can receive input and/or

provide output, perhaps to a user. User interface com-
ponent(s) 201 can include one or more components con-
figured to send and/or receive data to and/or from a user
and/or other entities; such components can include but
are not limited to: a keyboard, a keypad, a touch screen,
a touch pad, a computer mouse, a track ball, a joystick,
button and/or other similar devices configured to receive
user input from a user of and/or other entities associated
with the computing device 200. User interface compo-
nent(s) 201 can include one or more components con-
figured to display visual outputs (e.g., graphical, textual,
and/or numerical information); such components can in-
clude but are not limited to: but are not limited to: cathode
ray tubes (CRTs), liquid crystal displays (LCDs), light
emitting diodes (LEDs), displays using digital light
processing (DLP) technology, printers, light bulbs, and/or
other devices capable of displaying visual outputs. User
interface component(s) 201 can also include one or more
components to generate audible output(s); such compo-
nents can include but are not limited to: a speaker, speak-
er jack, audio output port, audio output device, ear-
phones, and/or other similar devices configured to gen-
erate audible output(s) and/or convey sound and/or au-
dible information; e.g., to a user of computing device 200.
In some examples, user interface component(s) 201 can
also include one or more components to generate one
or more haptic outputs.
[0037] Network-communication interface module 202
can be configured to send and receive data over one or
more wireless interfaces 207 and/or one or more wired
interfaces 208 via a data or other communications net-
work. Wireless interface(s) 207, if present, can utilize an
air interface, such as a Bluetooth®, ZigBee®, Wi-Fi™,
and/or WiMAX™ interface to a data network, such as a
wide area network (WAN), a local area network (LAN),
one or more public data networks (e.g., the Internet), one
or more private data networks, or any combination of
public and private data networks. Wired interface(s) 208,
if present, can comprise a wire, cable, fiber-optic link
and/or similar physical connection to a data network,
such as a WAN, a LAN, one or more public data networks,
such as the Internet, one or more private data networks,
or any combination of such networks.
[0038] In some examples, network-communication in-
terface module 202 can be configured to provide reliable,
secured, and/or authenticated communications. For
each communication described herein, information for
ensuring reliable communications (i.e., guaranteed mes-
sage delivery) can be provided, perhaps as part of a mes-
sage header and/or footer (e.g., packet/message se-
quencing information, encapsulation header(s) and/or
footer(s), size/time information, and transmission verifi-
cation information such as cyclic redundancy check
(CRC) and/or parity check values). Communications can
be made secure (e.g., be encoded or encrypted) and/or
decrypted/decoded using one or more cryptographic pro-
tocols and/or algorithms, such as, but not limited to, Data
Encryption Standard (DES), Advanced Encryption
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Standard (AES), an Rivest-Shamir-Adelman (RSA) al-
gorithm, a Diffie-Hellman algorithm, a secure sockets
protocol such as Secure Sockets Layer (SSL) or Trans-
port Layer Security (TLS), and/or Digital Signature Algo-
rithm (DSA). Other cryptographic protocols and/or algo-
rithms can be used as well or in addition to those listed
herein to secure (and then decrypt/decode) communica-
tions.
[0039] Processor(s) 203 includes one or more central
processing units, computer processors, mobile proces-
sors, digital signal processors (DSPs), graphics process-
ing units (GPUs), microprocessors, computer chips, pro-
grammable processors, multi-core processors, and/or
other processing units configured to execute machine-
language instructions and process data. Processor(s)
203 can be configured to execute computer-readable in-
structions 206 (e.g., program instructions) that are con-
tained in data storage 204 and/or other instructions as
described herein.
[0040] Data storage 204 includes one or more physical
and/or non-transitory storage devices, such as read-only
memory (ROM), random access memory (RAM), remov-
able disk drives, hard drives, thumb drives, magnetic-
tape memory, optical-disk memory, flash memory, vola-
tile storage devices, non-volatile storage devices, and/or
other storage devices. Generally, a storage device in-
cludes hardware that is capable of storing information;
for example, data, computer-readable program instruc-
tions, and/or other suitable information on a temporary
basis and/or a permanent basis. Data storage 204 can
include one or more physical and/or non-transitory stor-
age devices with at least enough combined storage ca-
pacity to contain computer-readable instructions 206 and
any associated/related data structures. In some embod-
iments, some or all of data storage 204 can be removable,
such as a removable hard drive, removable disk, or flash
memory.
[0041] Computer-readable instructions 206 and any
data structures contained in data storage 204 include
computer-readable program instructions executable by
processor(s) 203 and any storage required, respectively,
to perform at least part of the herein-described function-
ality of a computing device. For example, data storage
204 can also store data used to perform at least part of
the herein-described functionality of a computing device.
Computer-readable instructions 206 can include instruc-
tions that when executed by processor(s) 203 to perform
functions, including but not limited to herein-described
functionality of software, displays, and/or user interfaces.
For example, computer-readable instructions 206 can in-
clude instructions that when executed by processor(s)
203 to perform some or all of the herein-described func-
tionality associated with guidance system 110, trajectory
calculator 120, and/or flight management system 130.
[0042] In some embodiments, computing device 200
includes one or more sensors 210. Sensor(s) 210 can
be configured to measure conditions in an environment
around computing device 200 and provide data about

the measured conditions of the environment. The data
can include, but are not limited to: meteorological condi-
tions including, but not limited to, wind speed, wind di-
rection, temperature, humidity, barometric pressure,
and/or rainfall; location data about computing device 200
including, but not limited to, latitude, longitude, and/or
altitude data; kinematic information (e.g., location,
speed, velocity, acceleration data) related to computing
device 200, one or more vehicles, and/or one or more
aircraft, and electromagnetic radiation data (e.g., infra-
red, ultra-violet, X-ray data). The one or more sensors
210 can include, but are not limited to, one or more: Glo-
bal Positioning System (GPS) sensors, location sensors,
gyroscopes, accelerometers, magnetometers, video
and/or still cameras, light sensors, infrared sensors, ul-
traviolet sensors, X-ray sensors, meteorological sensors,
proximity sensors, vibration and/or motion sensors, heat
sensors, thermometers, lasers, wind sensors, barome-
ters, rain gauges, and microphones. In some examples,
sensors 210 can be utilized for relative position sensing,
where relative position sensing provides information
about aircraft velocity relative to a vehicle; e.g., using
differential GPS and/or radio-based triangulation meth-
ods. Other examples of sensor(s) 210 are possible as
well.
[0043] FIGS. 3, 4, and 5 illustrate scenario 300 where
trajectory calculator 120 of computing device 102 calcu-
lates flight trajectories for aircraft 100, according to an
example embodiment. At an onset of scenario 300, tra-
jectory calculator 120 has three trajectory processes
(TPs) 310, 320, 330 that are initialized to determine flight
trajectories for three respective flight plans: FP 1, FP 2,
and a MOD (modified) FP, where FP 1 represents a flow
of information for a first flight plan, FP 2 represents a flow
of information for a second flight plan, and MOD FP flow
of information for a flight plan that is initially empty (that
is, not representing an actual flight plan). Each of FP 1,
FP 2, and MOD FP can be initialized to an INACTIVE
state, where a flight plan in the INACTIVE state is not
being used to control aircraft 100.
[0044] Scenario 300 continues with a pilot of aircraft
100 putting aircraft 100 on autopilot by activating FP 1
representing the first flight plan. FP 1 represents the first
flight plan by providing a flow of information associated
with the first flight plan, where the flow of information can
include, but is not limited to, inputs related to the first
flight plan and instructions / outputs to control an aircraft
(such as aircraft 100) to fly (or otherwise travel; e.g., taxi)
according to a flight trajectory calculated for the repre-
sented flight plan.
[0045] Activating FP 1 causes outputs of trajectory
process 310 associated with FP 1 / the first flight plan
being used to control aircraft 100. Scenario 300 proceeds
with a member of the aircrew of aircraft 100 editing the
first flight plan, which includes copying the first flight plan
to a new third flight plan and then changing the third flight
plan. MOD FP is assigned to represent the third flight
plan and a lateral and vertical trajectory for the third flight
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plan is calculated. After the lateral and vertical trajectory
for the third flight plan is calculated, a member of the
aircrew of aircraft 100 activates MOD FP. After MOD FP
is activated, scenario 300 ends.
[0046] FIG. 3 shows trajectory calculator 120 at an on-
set of scenario 300. In scenario 300, trajectory calculator
120 supports three flows of information representing
three flight plans - FP 1, FP 2, and MOD FP - using three
trajectory processes 310, 320, 330. For example, at the
onset of scenario 300, FP 1 represents a first flight plan
determined by a member of the aircrew of aircraft 100,
FP 2 represents a second flight plan determined by a
member of the aircrew of aircraft 100, and MOD FP is
empty and so does not represent an actual flight plan. In
particular, each of FP 1, FP 2, and MOD FP includes
information including a subset of flight-plan-related in-
puts 140 related to a respective represented flight plan,
a flight trajectory for the represented flight plan calculated
by an associated trajectory process, and outputs of the
associated trajectory process that can be used by a pilot
or an autopilot (e.g., of flight management system 130)
to control aircraft 100 to fly according to the trajectory for
the represented flight plan.
[0047] At the onset of scenario 300, trajectory proc-
esses 310, 320, 330 are respectively initialized to deter-
mine trajectories for three respective flight plans repre-
sented by FP 1, FP 2, and MOD FP, respectively. Each
of trajectory processes 310, 320, 330 can determine one
of two trajectories in scenario 300: a lateral trajectory or
a lateral and vertical trajectory. For example, FIG. 3
shows that trajectory processes 310, 320, 330 can de-
termine one of respective lateral trajectories (LTs) 312,
322, 332 and respective lateral and vertical trajectories
(LVTs) 314, 324, 334.
[0048] For example, FIG. 3 shows that, at the onset of
scenario 300, inputs for FP 1, FP 2, and the MOD FP are
provided as respective "FP 1 IN", "FP 2 IN", and "MOD
FP IN" to input router 122, passed through to respective
trajectory processes 310, 320, 330, and corresponding
outputs of respective trajectory processes 310, 320, 330
are passed through output router 126 as respective out-
puts "FP 1 OUT", "FP 1 OUT", and an "EMPTY" output
(since MOD FP does not represent a flight plan at the
onset of scenario 300). At the onset of scenario 300, FP
1 can provide FP 1 OUT outputs, which can be used to
control aircraft 100 along the first flight plan. Similarly, at
the onset of scenario 300, FP 2 can provide FP 2 OUT
outputs, which can be used to control aircraft 100 along
the second flight plan.
[0049] Each of trajectory processes 310, 320, 330 can
calculate at least one of a lateral trajectory and a lateral
and vertical trajectory for a flight plan. Also, inputs and
outputs of each of trajectory processes 310, 320, 330
can be selectively directed through either the lateral tra-
jectory or the lateral and vertical trajectory of the trajec-
tory process. In other scenarios, some or all of trajectory
processes 310, 320, 330 can calculate more, fewer,
and/or different trajectories than lateral trajectories and

lateral and vertical trajectories
[0050] When inputs and outputs are routed through tra-
jectory processes, the inputs and outputs can be routed
through either a lateral trajectory, a lateral and vertical
trajectory, or no flight trajectory at all (e.g., if the trajectory
process is not associated with a flight plan). For example,
FIG. 3 shows that, at the onset of scenario 300, inputs
and outputs for trajectory process 310 are routed through
lateral trajectory 312, inputs and outputs for trajectory
process 320 are routed through lateral trajectory 322,
and inputs and outputs for trajectory process 330 are not
routed through a flight trajectory.
[0051] Throughout scenario 300, all of trajectory proc-
esses 310, 320, 330 can operate in parallel; that is, tra-
jectory process 310 can receive first inputs, process the
first inputs to generate a first flight trajectory according
to a first flight plan, and generate first outputs related to
controlling aircraft 100 along the first flight trajectory in
parallel with trajectory process 320 receiving second in-
puts, processing the second inputs to generate a second
flight trajectory according to a second flight plan, and
generating second outputs related to controlling aircraft
100 along the second flight trajectory in parallel with tra-
jectory process 330 receiving third inputs, processing the
third inputs to generate a third flight trajectory according
to a second flight plan, and generating third outputs re-
lated to controlling aircraft 100 along the third flight tra-
jectory, where the first, second, and/or third inputs may
differ, where the first, second, and/or third outputs may
differ, and/or first, second, and/or third flight plans may
differ. That is, trajectory processes 310, 320, 330 collec-
tively can process up to three flight plans to calculate up
to three flight trajectories and produce up to three differ-
ent outputs, while trajectory processes 310, 320, 330 op-
erate independently and in parallel.
[0052] Input router 122 can be used to route inputs
designated to flight plans and corresponding trajectory
processes. At the onset of scenario 300, input router 122
routes: designated FP 1 inputs / inputs for the first flight
plan to trajectory process 310, designated FP 2 inputs /
inputs for the second flight plan to trajectory process 320,
and designated MOD FP inputs to trajectory process 330,
as shown in FIG. 3 using arrows traversing input router
122.
[0053] Output router 126 can be used to route outputs
of trajectory processes to designated flight plan outputs.
At the onset of scenario 300, output router 126 routes:
outputs of trajectory process 310 to designated FP 1 out-
puts / outputs for the first flight plan, outputs of trajectory
process 320 to designated FP 2 outputs / outputs for the
second flight plan, and outputs of trajectory process 330
to designated MOD FP outputs, as shown in FIG. 3 using
arrows traversing output router 126. At the onset of sce-
nario 300, MOD FP is empty, and so the designated MOD
FP outputs are "EMPTY" as also shown in FIG. 3.
[0054] In scenario 300, each of FP 1, FP 2, and MOD
FP can be in one of three states: INACTIVE, PENDING,
or ACTIVE. An INACTIVE state indicates that a repre-
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sented flight plan is not being used to control aircraft 100.
A PENDING state indicates that a represented flight plan
is ready, but not currently being used, to control aircraft
100. A flight plan can be put in the PENDING state if an
INACTIVE flight plan is being activated or if an ACTIVE
flight plan is being edited / used as a MOD flight plan. An
ACTIVE state indicates that a represented flight plan is
being used to control aircraft 100; e.g., either by a pilot
or by flight management system 130. In scenario 300, a
flight plan can become ACTIVE once selected for acti-
vation and/or execution by a member of the aircrew of
aircraft 100. In scenario 300, when a flight plan is acti-
vated, the flight plan’s state can change from INACTIVE
to PENDING. When a flight plan is later executed, the
flight plan’s state can change from PENDING to ACTIVE.
FIG. 3 shows that, at the onset of scenario 300, each of
trajectory processes 310, 320, 330 are inactive.
[0055] In scenario 300, only one flight plan can be AC-
TIVE at a time. If a flight plan is ACTIVE and a different
flight plan is then activated, the ACTIVE flight plan be-
comes INACTIVE, and the now-activated flight plan be-
comes the ACTIVE flight plan. When a flight plan is ac-
tivated, inputs and outputs for a flow of information rep-
resenting the flight plan remain routed through a previ-
ously-assigned trajectory process; e.g., if FP 2 were ac-
tivated, inputs and outputs for FP 2 representing the sec-
ond flight plan would remain routed by input router 122
and output router 126 through trajectory process 320.
[0056] In other scenarios, a flight plan can become ac-
tive without specific user selection to activate the flight
plan; for example, a flight plan can be edited as a MOD
flight plan with an instruction to activate the MOD flight
plan once a flight trajectory for the MOD flight plan has
been calculated. As another example, aircraft 100 can
be flown autonomously (e.g., as an unmanned aerial ve-
hicle (UAV)) and a control program of aircraft 100 can
select a flight plan for activation without user input. Other
examples of activating (or deactivating) flight plans with-
out specific user selection / input are possible as well.
[0057] Scenario 300 continues with a human pilot
putting aircraft 100 on autopilot by activating the first flight
plan, which is represented by FP 1. FIG. 4 shows trajec-
tory calculator 120 after the first flight plan is activated,
which is illustrated by states 440 and 450 of FP 1 both
being "ACTIVE". ACTIVE FP 1 includes inputs received
by input router 122 as FP 1 IN, trajectory process 310
that has calculated lateral trajectory 312 as well as lateral
and vertical trajectory 414 based on the first flight plan.
FIG. 4 utilizes arrows emanating outward from lateral and
vertical trajectory 414 to indicate that outputs of lateral
and vertical trajectory 414 are provided as FP 1 OUT
using output router 126, where the FP 1 OUT outputs are
used by the autopilot to control aircraft 100.
[0058] While FP 1 is an ACTIVE state, inputs provided
via the FP 1 IN input may cause trajectory process 310
to modify an already calculated flight trajectory for the
first flight plan / FP 1, which in turn may cause trajectory
process 310 to provide additional and/or different FP 1

OUT outputs. And, while FP 1 is an ACTIVE state during
scenario 300, outputs of trajectory process 310 provided
as FP 1 OUT associated with the first flight plan / FP 1
are used to control aircraft 100. FIG. 4 shows that the
already calculated flight trajectory for the first flight plan
/ FP 1 is lateral and vertical trajectory 414.
[0059] Scenario 300 proceeds with a member of the
aircrew of aircraft 100 providing flight-plan-related inputs
460 (e.g., a change indication) related to editing the AC-
TIVE first flight plan to create a new flight plan. To begin
editing the first flight plan, trajectory calculator 120 allo-
cates MOD FP and trajectory process 330 to represent
the edited flight plan, initializes trajectory process 330 by
copying the first flight plan and related trajectory 414 from
trajectory process 310 to trajectory process 330, and
changes states 442 and 452 of MOD FP representing
the new, third flight plan to be PENDING. MOD FP is put
into a PENDING state as the third flight plan is a modified
/ edited version of the ACTIVE first flight plan. In scenario
300, flight-plan-related inputs 460 include editing instruc-
tions to add a waypoint "W12" to the third flight plan,
where waypoint W12 was not present in the first flight
plan.
[0060] Once the third flight plan is done being edited,
trajectory process 330 then determines that waypoint
W12 has been added to the third flight plan, and then
calculates lateral and vertical trajectory 434 for the third
flight plan based on the already-calculated lateral and
vertical trajectory 414 for the first flight plan (which was
provided during initialization of trajectory process 330 as
part of MOD FP). Trajectory process 330 also routes in-
puts to lateral and vertical trajectory 434 and provides
outputs from lateral and vertical trajectory 434 as shown
using arrows in FIG. 4.
[0061] FIG. 4 also indicates that assigning trajectory
process 330 to MOD FP that represents the third flight
plan does not affect processing provided by either tra-
jectory process 310 assigned to FP 1 representing the
first flight plan or trajectory process 320 assigned to FP
2 representing associated the second flight plan. In par-
ticular, trajectory process 310 continues to provide out-
puts via FP 1 OUT to control aircraft 100 along lateral
and vertical trajectory 414 for the first flight plan while
trajectory process 330 is calculating lateral and vertical
trajectory 434; i.e., uninterrupted / continuous control of
aircraft 100 along the first flight plan is provided via out-
puts of trajectory process 310 along lateral and vertical
trajectory 414 while the first flight plan was edited to cre-
ate the third flight plan and while lateral and vertical tra-
jectory 434 for the third flight plan was calculated.
[0062] Scenario 300 continues with trajectory process
330 completing calculation of lateral and vertical trajec-
tory 434 and a member of the aircrew of aircraft 100 later
activating MOD FP representing the third flight plan. Ac-
tivating MOD FP causes trajectory calculator 120 to route
inputs and outputs related to previously active FP 1 to
the now active MOD FP, effectively switching aircraft con-
trol from a flow of instructions provided by FP 1 to a flow
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of instructions provided by MOD FP.
[0063] As shown in FIG. 5, after activation of MOD FP,
FP 1 IN inputs are routed to lateral and vertical trajectory
534 of trajectory process 330 via input router 122. FIG.
5 also utilizes arrows emanating outward from lateral and
vertical trajectory 534 to illustrate that, after activation of
MOD FP, FP 1 OUT outputs are routed from lateral and
vertical trajectory 534 of trajectory process 330 (assigned
to MOD FP) via output router 126, where FP 1 IN and
FP 1 OUT are in ACTIVE states as indicated by states
542 and 552. As also shown in FIG. 5, after activation of
MOD FP, MOD FP IN inputs are routed to trajectory proc-
ess 310 (assigned to FP 1) via input router 122 and tra-
jectory process 310 outputs are routed as empty MOD
FP OUT outputs via output router 126, where MOD FP
IN and MOD FP OUT are in INACTIVE states as indicated
by states 540 and 550.
[0064] From the autopilot’s point of view, a flow of in-
structions associated for FP 1 have been continuously
available via FP 1 OUT before, during, and after the
switch from the first flight plan to the third flight plan. In
particular, the autopilot received sufficient instructions
via FP 1 OUT to maintain continuous flight along the first
flight plan before, during, and after the switch from the
first flight plan to the third flight plan, even while the in-
structions provided via FP 1 OUT were switched from
being provided from trajectory process 310 assigned to
FP 1 (representing the first flight plan) to being provided
from trajectory process 330 assigned to MOD FP (rep-
resenting the third flight plan). Thus, no discontinuity in
instructions was introduced by the switch from FP 1 / the
first flight plan to MOD FP / the third flight plan, allowing
the autopilot to fly without disruption. Then, after the
switch from FP 1 to MOD FP, the autopilot continues to
receive controls from FP 1 OUT and so maintains con-
tinuous flight along the third flight plan.
[0065] In scenario 300, activating MOD FP does not
affect FP 2 - as shown in FIGS. 4 and 5, inputs for IN-
ACTIVE FP 2 are provided to lateral trajectory 322 of
trajectory process 320 as FP 2 IN and outputs of lateral
trajectory 322 of trajectory process 320 are provided as
FP 2 OUT both before and after the MOD FP was acti-
vated. After the MOD FP is activated, scenario 300 can
be completed.
[0066] FIG. 6 illustrates scenario 600 where trajectory
calculator 120 routes inputs and outputs for flight trajec-
tories for an aircraft, according to an example embodi-
ment. Trajectory calculator 120 can use input decision
engine 128 (which is part of input router 122, but shown
outside of input router 122 in FIG. 6 for clarity’s sake) in
processing flight plans. If a change is detected in a flight
plan, the flight plan change can be received as an input
by input decision engine 128 and input decision engine
128 responsively can assign trajectory processes to flight
plans as necessary to maintain continuous trajectory
processes for each flight plan.
[0067] In some examples, input decision engine 128
can communicate by producing and sending "tags" and

signals. A tag can convey information for aligning trajec-
tory processes, flight plans, and flows of information with-
in trajectory calculator 120. Input decision engine 128
can also communicate using signals related to changes
in that include, but are not limited to, a signal indicating
that a flight plan change has occurred that causes a
change in one or more trajectory processes and a signal
that a trajectory process is to be initiated, terminated, or
modified in some way. In some examples, functionality
of tags can be performed by signals and vice versa.
[0068] Scenario 600 illustrates use of tags by input de-
cision engine 128. As shown in an upper portion of FIG.
6, at the onset of scenario 600, trajectory calculator 120
(illustrated as trajectory calculator 120-1 in the upper por-
tion of FIG. 6) has N > 2 trajectory processes 610A,
610B ... 610N that can be assigned to M > 2 flight plans
FP 1, FP 2 ... FP M. In scenario 600, respective FP 1,
FP 2, and FP M inputs are routed by input router 122 to
respective trajectory processes 610A, 610B, 610N via
respective routes (Rs) 612, 614, 616. And respective out-
puts from respective trajectory processes 610A, 610B,
610N are routed during scenario 600 to respective FP 1,
FP 2, and FP M outputs by output router 126 via respec-
tive routes 622, 624, 626.
[0069] Scenario 600 continues with input decision en-
gine 128 receiving flight-plan-related inputs 140, where
flight-plan-related inputs 140 include change flight plan
message 630 having parameter "FP1" to indicate that
change flight plan message 630 indicates a change for
the flow of instructions associated with FP 1. After re-
ceiving change flight plan message 630, input decision
engine 128 examines contents of change flight plan mes-
sage 630 and determines that trajectory process 610N
should be assigned to FP 1, which will also involve reas-
signing trajectory process 610A to another FP. In sce-
nario 600, trajectory process 610A is reassigned from
FP 1 to FP M. Subsequently, input decision engine 128
sends tags ITag 640 and OTag 642 to input router 122
and output router 126, respectively. Each of ITag 640
and OTag 642 has two parameters: "FP1" indicating a
change related to FP 1, and "TP610N" indicating that
trajectory process 610N should be assigned to FP 1 in-
dicated by the "FP1" parameter. Each of ITag 640 and
OTag 642 implicitly signals that the assignments of tra-
jectory processes 610A and 610N to flight plans / flows
of information are to be swapped as no specific assign-
ment for trajectory process 610A (currently assigned to
FP 1) was provided in tags 640, 642. In some scenarios,
ITag 640 and/or OTag 642 are sent while carrying out a
method, such as method 700, which is discussed herein
in the context of at least FIG. 7.
[0070] As shown in a lower portion of FIG. 6, scenario
600 proceeds with input router 122 of trajectory calculator
120 (illustrated as trajectory calculator 120-2 in the lower
portion of FIG. 6) responding to ITag 640 by re-routing
(or changing) route 612 to be route 650. Route 650 maps
FP 1 IN to TP 610N IN for trajectory process 610N and
by re-routing (or changing) route 616 to be route 652,
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which maps FP M IN to TP 610A IN for trajectory process
610A. Also, output router 126 responding to OTag 642
by re-routing (or changing) route 622 to be route 660,
which maps TP 610A OUT outputs of trajectory process
610A to FP M OUT and by re-routing (or changing) route
626 to be route 662, which maps outputs TP 610N OUT
of trajectory process 610N to FP 1 OUT. Together, the
re-routing operations performed in scenario 600 by input
router 122 and output router 126 re-assign trajectory
process 610A from FP 1 to FP M and re-assign trajectory
process 610N from FP M to FP 1. After the re-routing
operations are performed, scenario 600 can be complet-
ed.
[0071] In other scenarios, input decision engine 128
can send additional tags to ITag 640 and OTag 642 to
signal changes in states of FP 1 and FP M that are related
to the swapping of the assignments of trajectory proc-
esses 610A and 610N. For example, these additional
tags can include (1) one or more tags destined for input
router 122 other than ITag 640 to indicate that FP 1, tra-
jectory process 610A, and/or a flight plan represented by
FP 1 are now INACTIVE and/or to indicate that FP M,
trajectory process 610N, and/or a flight plan represented
by FP M are now ACTIVE and (2) one or more tags des-
tined for output router 126 other than OTag 642 to indi-
cate that FP 1, trajectory process 610A, and/or a flight
plan represented by FP 1 are now INACTIVE and/or to
indicate that FP M, trajectory process 610N, and/or a
flight plan represented by FP M are now ACTIVE. After
the additional tags are sent by input decision engine 128,
output router 126 can provide one or more flight trajectory
outputs of the trajectory process 610N for controlling the
aircraft to a flight management system; e.g., flight man-
agement system 130. Other tags are possible as well.
[0072] FIG. 7 is a flowchart of method 700 for deter-
mining routing configurations based on reasons for
changing flight plans, according to an example embodi-
ment. Method 700 can be performed by a computing de-
vice acting as a herein-described input decision engine
of a herein-described trajectory calculator; e.g., input de-
cision engine 128.
[0073] Method 700 can begin at block 710. At block
710, the input decision engine can receive one or more
flight-plan-related inputs; e.g., flight-plan-related inputs
140, as input FPRI. In other examples, the input decision
engine can retrieve data related to the flight-plan-related
inputs as input FPRI; e.g., from a buffer or other storage.
[0074] In some examples, method 700 can end at block
710. For example, if input FPRI indicates that the input
decision engine should stop execution; e.g., as part of a
power-up or other system initialization, then the input de-
cision engine can responsively stop execution and meth-
od 700 could end. As another example, if the input deci-
sion engine determines that input FPRI has been fully
processed, method 700 can end rather than await recep-
tion of additional input as input FPRI. Other reasons
and/or examples for causing method 700 to end; e.g., at
block 710 are possible as well.

[0075] At block 712, the input decision engine can de-
termine whether input FPRI includes an initialization input
requesting initialization of routing inputs and outputs for
trajectory processes. If input FPRI includes an initializa-
tion input, the input decision engine can proceed to block
714. Otherwise, the input decision engine can determine
that the input FPRI does not include an initialization input
and can proceed to block 720.
[0076] At block 714, the input decision engine can in-
itialize routing inputs and outputs. In some examples,
input FPRI identifies particular flows of information and/or
trajectory processes of the trajectory calculator to be in-
itialized; in other examples, input FPRI does not identify
particular flows of information and/or trajectory process-
es to be initialized - by default, initialization of routing
inputs and outputs involves initialization of all routing in-
puts and outputs for the trajectory calculator. To initialize
routing inputs, the input decision engine can direct an
input router of the trajectory calculator to route inputs
related to an uninitialized flow of information to a trajec-
tory process assigned to the flow of information, such as
discussed above in the context of at least FIGS. 3-6. To
initialize routing outputs, the input decision engine can
direct an output router of the trajectory calculator to route
outputs from a trajectory process assigned to an unini-
tialized flow of information to the uninitialized flow of in-
formation, such as discussed above in the context of at
least FIGS. 3-6. Also, the input decision engine can direct
an uninitialized trajectory process to route inputs and/or
outputs to a particular trajectory of the uninitialized tra-
jectory process; e.g., a lateral trajectory or a lateral and
vertical trajectory, such as discussed above in the context
of at least FIGS. 3-6. Upon completion of the procedures
of block 714, the input decision engine can proceed to
block 710.
[0077] At block 720, the input decision engine can de-
termine whether input FPRI includes a reason R for
changing a flight plan. If the input decision engine deter-
mines that input FPRI includes a reason R for changing
a flight plan, the input decision engine can proceed to
block 710. Otherwise, the input decision engine can de-
termine that input FPRI does not include a reason R for
changing a flight plan and can proceed to block 710.
[0078] At block 730, the input decision engine can de-
termine whether the reason R is a reason that the flight
plan has been executed as a modified flight plan. For
example, reception of a reason that the flight plan has
been executed as a modified flight plan can indicate that
a MOD FP has changed state to be an ACTIVE FP and
that the previously ACTIVE FP has been discarded
and/or changed state to be an INACTIVE FP. If the input
decision engine determines that the reason R is a reason
that the flight plan has been executed as a modified flight
plan, then the input decision engine can proceed to block
732. Otherwise, the input decision engine determines
that the reason R is not a reason that the flight plan has
been executed as a modified flight plan, and can proceed
to block 740.
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[0079] At block 732, the input decision engine can send
one or more tags to switch routing for both inputs and
outputs for a flow of information, so that the flow of infor-
mation uses the trajectory process associated with the
modified flight plan. For example, scenario 600 dis-
cussed above in the context of at least FIG. 6 illustrates
how the input decision engine can sent input and output
tags (e.g., ITag 640 and OTag 642) to switch routing for
both inputs and outputs for a flow of information (e.g., FP
1). Upon completion of the procedures of block 732, the
input decision engine can proceed to block 710.
[0080] At block 740, the input decision engine can de-
termine whether the reason R is either a reason that an
edit of the flight plan was discarded or a reason that a
previously activated flight plan was discarded. For exam-
ple, reception of a reason that an edit of the flight plan
was discarded can indicate that a modified flight plan that
was being edited was discarded instead of continuing to
be edited and/or becoming activated, which can cause
termination of trajectory calculation by a trajectory proc-
ess associated with the now-discarded flight plan. As an-
other example, reception of a reason that a previously
activated flight plan was discarded can indicate that an
activated flight plan was discarded instead of executed,
which can cause termination of trajectory calculation by
a trajectory process associated with the now-discarded
flight plan.
[0081] If the input decision engine determines that the
reason R is either a reason that an edit of the flight plan
was discarded or a reason that a previously activated
flight plan was discarded, then the input decision engine
can proceed to block 742. Otherwise, the input decision
engine can determines that the reason R is not a reason
that an edit of the flight plan was discarded and that the
reason R is not a reason that a previously activated flight
plan was discarded, and can proceed to block 750.
[0082] At block 742, the input decision engine can send
one or more tags to a trajectory process associated with
a MOD FP whose edit of the flight plan was discarded
and/or a trajectory process whose previously activated
flight plan was discarded to end calculation of a flight
trajectory, since the trajectory is associated with a dis-
carded edit or a discarded flight plan. Upon completion
of the procedures of block 742, the input decision engine
can proceed to block 710.
[0083] At block 750, the input decision engine can de-
termine whether the reason R is a reason that editing of
an ACTIVE flight plan was initiated. For example, recep-
tion of a reason that editing of an ACTIVE flight plan was
initiated can indicate reception of: an input to change an
origin of the flight plan, an input to change a destination
of the flight plan, an input to add a waypoint to the flight
plan, an input to change a waypoint of the flight plan, an
input to change a runway of the flight plan, and/or an
input to delete a waypoint of the flight plan was received
as an edit of the flight plan. As another example, reception
of a reason that editing of a flight plan was initiated can
indicate reception of: an input to change meteorological

condition data of the flight plan, an input to change aircraft
weight data of the flight plan, an input to change a pro-
cedure associated with the flight plan, and/or an input to
change aircraft velocity data of the flight plan. In other
examples, the reason that editing of an ACTIVE flight
plan was initiated can indicate reception of different in-
puts than discussed above. If the input decision engine
determines that the reason R is a reason that editing of
an ACTIVE flight plan was initiated, the input decision
engine can proceed to block 752. Otherwise, the input
decision engine can determine that the reason R is not
a reason that editing of an ACTIVE flight plan was initi-
ated, and the input decision engine can proceed to block
760.
[0084] At block 752, the input decision engine can, in
response to determining that editing of an ACTIVE flight
plan was initiated, assign an FP flow of information (e.g.,
FP 1, FP 2, or FP MOD of scenario 300) to represent a
new flight plan created by editing the ACTIVE flight plan.
To assign an FP flow of information, the input decision
engine can copy the ACTIVE flight plan and a related
flight trajectory from a trajectory process assigned to the
ACTIVE flight plan being edited to a new trajectory proc-
ess (e.g., one assigned to an INACTIVE FP flow of infor-
mation) and can process the new flight plan using the
new trajectory process, such as discussed above at least
in the context of scenario 300 and FIGS. 3, 4, and 5.
[0085] At block 760, the input decision engine can de-
termine that reason R does not relate to changing a cur-
rent routing configuration of routes controlled by the input
decision engine and so can maintain the current routing
configuration. Examples of reason R that do not relate
to changing the current routing configuration include, but
are not limited to: a synchronization reason indicating
route contents have not changed and routes are already
synchronized; an activation reason indicating that an IN-
ACTIVE flight plan has been activated to a PENDING
state; an executed activation reason indicating a PEND-
ING flight plan has been activated to an ACTIVE state;
a deactivation reason that a previously ACTIVE flight plan
has become INACTIVE (e.g., due to another flight plan
being executed). In other examples, input FPRI and/or
reason R can include more and/or different inputs and/or
can indicate more and/or different reasons for changes
in flight plans than discussed herein.
[0086] FIG. 8 is a flowchart of a method for controlling
an aircraft, according to an example embodiment. Meth-
od 800 is executable by a computing device, such as
computing device 200 described in the context of FIG. 2.
[0087] Method 800 can begin at block 810. At block
810, the computing device can receive one or more first
flight-plan-related inputs that include a first flight plan to
fly from an origin to a destination via one or more way-
points, such as discussed herein in the context at least
of FIGS. 1, 3, 4, 5, 6, and 7. In some examples, the first
flight trajectory can include a lateral trajectory or a lateral
and vertical trajectory, such as discussed herein in the
context at least of FIGS. 3, 4, and 5.
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[0088] At block 820, the computing device can calcu-
late a first flight trajectory for the first flight plan using the
computing device, such as discussed herein in the con-
text at least of FIGS. 1, 3, 4, 5, 6, and 7.
[0089] At block 830, the computing device can, while
controlling the aircraft to fly along the first flight trajectory:
receive one or more second flight-plan-related inputs that
change the first flight plan to a second flight plan; deter-
mining whether the second flight-plan-related inputs in-
clude one or more of: an input to change the origin, an
input to change the destination, an input to add a way-
point to the one or more waypoints, and an input to delete
a waypoint of the one or more waypoints; and after de-
termining that the second flight-plan-related inputs in-
clude one or more of: an input to change the origin, an
input to change the destination, an input to add a way-
point to the one or more waypoints, and an input to delete
a waypoint of the one or more waypoints, calculating a
second flight trajectory for the second flight plan, such
as discussed herein in the context at least of FIGS. 3, 4,
5, and 7.
[0090] At block 840, after calculating the second flight
trajectory, the computing device can perform a switch
from controlling the aircraft to fly along the first flight tra-
jectory to controlling the aircraft to fly along the second
flight trajectory using the computing device, where the
aircraft maintains continuous flight along the first flight
trajectory during the switch, such as discussed herein in
the context at least of FIGS. 3, 4, and 5.
[0091] In some examples, the computing device can
include a trajectory calculator having a first trajectory
process, a second trajectory process, and an input router
associated with both the first trajectory process and the
second trajectory process; then, calculating the first flight
trajectory for the first flight plan can include calculating
the first flight trajectory for the first flight plan using the
first trajectory process, where calculating the second
flight trajectory for the second flight plan can include cal-
culating the second flight trajectory for the second flight
plan using the second trajectory process while the first
trajectory process is active, and where performing the
switch from controlling the aircraft to fly along the first
flight trajectory to controlling the aircraft to fly along the
second flight trajectory can include: determining that the
first trajectory process is inactive using the input router;
and determining that the second trajectory process is ac-
tive using the input router, such as discussed herein in
the context at least of FIGS. 3, 4, 5. In some of these
examples, the input router can include an input decision
engine; then, performing the switch from controlling the
aircraft to fly along the first flight trajectory to controlling
the aircraft to fly along the second flight trajectory can
include: receiving a change indication that indicates a
change of a flight plan at the input router; determining to
change trajectory processes based on the change indi-
cation using the input decision engine; and after deter-
mining to change trajectory processes, the input router
determining to switch from utilizing the first trajectory

process to utilizing the second trajectory process, such
as discussed herein in the context at least of FIGS. 4, 5,
and 7. In other of these examples, the change indication
can indicate a reason for the change of the flight plan;
then, determining to change trajectory processes based
on the change indication using the input decision engine
can include determining to change trajectory processes
based on the reason for the change of the flight plan,
such as discussed herein in the context at least of FIG.
7. In other of these examples, the reason for the change
of the flight plan can include one or more of: a reason
indicating that a flight plan was activated, a reason indi-
cating that a flight plan was deactivated, a reason indi-
cating that a flight plan was executed, a reason indicating
that a flight plan was discarded, and a reason indicating
that a flight plan was edited, such as discussed herein in
the context at least of FIG. 7. In other of these examples,
the computing device can further include an output rout-
er; then, determining to change trajectory processes
based on the change indication using the input decision
engine can include: generating one or more tags indicat-
ing a change in trajectory processes using the input de-
cision engine; and providing the one or more tags indi-
cating the change in trajectory processes to the output
router, such as discussed herein in the context at least
of FIG. 6. In other of these examples, providing the one
or more tags indicating the change in trajectory process-
es to the output router can include: providing a first tag
of the one or more tags indicating the first flight plan is
inactive to the first trajectory process; and providing a
second tag of the one or more tags indicating the second
flight plan is active to the second trajectory process, such
as discussed herein in the context at least of FIG. 6. In
other of these examples, method 800 can further include:
after the one or more tags indicating the change in tra-
jectory processes to the output router are provided, the
output router providing a flight trajectory output of the
second trajectory process for controlling the aircraft to a
flight management system of the aircraft based on the
second flight trajectory, such as discussed herein in the
context at least of FIG. 6.
[0092] In other examples, performing the switch from
controlling the aircraft to fly along the first flight trajectory
to controlling the aircraft to fly along the second flight
trajectory can include performing the switch from control-
ling the aircraft to fly along the first flight trajectory to
controlling the aircraft to fly along the second flight tra-
jectory without interruption, such as discussed herein in
the context at least of FIGS. 3, 4, and 5.
[0093] In other examples, performing the switch from
controlling the aircraft to fly along the first flight trajectory
to controlling the aircraft to fly along the second flight
trajectory without interruption can include processing the
first flight trajectory and the second flight trajectory in
parallel throughout the switch, such as discussed herein
in the context at least of FIGS. 3, 4, and 5.
[0094] In some examples, the trajectory calculator can
further include a third trajectory process; then, method
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800 can further include: receiving, at the computing de-
vice, one or more third flight-plan-related inputs that re-
late to a third flight plan that differs from the first flight
plan and the second flight plan; calculating a third flight
trajectory for the third flight plan using the third trajectory
process; and after the third trajectory process has calcu-
lated the third flight trajectory, performing a second
switch from controlling the aircraft to fly along the second
flight trajectory to controlling the aircraft to fly along the
third flight trajectory using the computing device for at
least: determining that the second trajectory process is
inactive using the input router, and determining that the
third trajectory process is active using the input router,
where the aircraft maintains continuous flight along the
second flight trajectory during the second switch, such
as discussed herein in the context at least of FIG. 5. In
some of these examples, the third flight-plan-related in-
puts include one or more of: an input to change meteor-
ological condition data, an input to change aircraft weight
data, and an input to change aircraft velocity data, such
as discussed herein in the context at least of FIG. 7.
[0095] Further, the disclosure comprises examples ac-
cording to the following paragraphs:
A method to control an aircraft, the method comprising:
receiving, at a computing device, one or more first flight-
plan-related inputs that comprise a first flight plan to fly
from an origin to a destination via one or more waypoints;
calculating a first flight trajectory for the first flight plan
using the computing device; while controlling the aircraft
to fly along the first flight trajectory, the computing device:
receiving one or more second flight-plan-related inputs
that change the first flight plan to a second flight plan;
determining whether the second flight-plan-related in-
puts include one or more of: an input to change the origin,
an input to change the destination, an input to add a way-
point to the one or more waypoints, and an input to delete
a waypoint of the one or more waypoints; and after de-
termining that the second flight-plan-related inputs in-
clude one or more of: an input to change the origin, an
input to change the destination, an input to add a way-
point to the one or more waypoints, and an input to delete
a waypoint of the one or more waypoints, calculating a
second flight trajectory for the second flight plan; and
after the computing device has calculated the second
flight trajectory, performing a switch from controlling the
aircraft to fly along the first flight trajectory to controlling
the aircraft to fly along the second flight trajectory using
the computing device, wherein the aircraft maintains con-
tinuous flight along the first flight trajectory during the
switch.
[0096] The computing device comprises a trajectory
calculator having a first trajectory process, a second tra-
jectory process, and an input router associated with both
the first trajectory process and the second trajectory proc-
ess, wherein calculating the first flight trajectory for the
first flight plan comprises calculating the first flight trajec-
tory for the first flight plan using the first trajectory proc-
ess, wherein calculating the second flight trajectory for

the second flight plan comprises calculating the second
flight trajectory for the second flight plan using the second
trajectory process while the first trajectory process is ac-
tive, and wherein performing the switch from controlling
the aircraft to fly along the first flight trajectory to control-
ling the aircraft to fly along the second flight trajectory
comprises: determining that the first trajectory process
is inactive using the input router; and determining that
the second trajectory process is active using the input
router.
[0097] The input router may comprise an input decision
engine, and wherein performing the switch from control-
ling the aircraft to fly along the first flight trajectory to
controlling the aircraft to fly along the second flight tra-
jectory comprises: receiving a change indication that in-
dicates a change of a flight plan at the input router; de-
termining to change trajectory processes based on the
change indication using the input decision engine; and
after determining to change trajectory processes, the in-
put router determining to switch from utilizing the first
trajectory process to utilizing the second trajectory proc-
ess.
[0098] The change indication may indicate a reason
for the change of the flight plan, and wherein determining
to change trajectory processes based on the change in-
dication using the input decision engine may comprise
determining to change trajectory processes based on the
reason for the change of the flight plan.
[0099] The reason for the change of the flight plan may
comprise one or more of: a reason indicating that a flight
plan was activated, a reason indicating that a flight plan
was deactivated, a reason indicating that a flight plan
was executed, a reason indicating that a flight plan was
discarded, and a reason indicating that a flight plan was
edited.
[0100] The computing device may further comprise an
output router, and wherein determining to change trajec-
tory processes based on the change indication using the
input decision engine comprises: generating one or more
tags indicating a change in trajectory processes using
the input decision engine; and providing the one or more
tags indicating the change in trajectory processes to the
output router.
[0101] Providing the one or more tags indicating the
change in trajectory processes to the output router may
comprise: providing a first tag of the one or more tags
indicating the first flight plan is inactive to the first trajec-
tory process; and providing a second tag of the one or
more tags indicating the second flight plan is active to
the second trajectory process.
[0102] After the one or more tags may indicate the
change in trajectory processes to the output router are
provided, the output router providing a flight trajectory
output of the second trajectory process for controlling the
aircraft to a flight management system of the aircraft
based on the second flight trajectory.
[0103] The trajectory calculator may further comprise
a third trajectory process, and wherein the method may

27 28 



EP 3 623 895 B1

16

5

10

15

20

25

30

35

40

45

50

55

further comprise: receiving, at the computing device, one
or more third flight-plan-related inputs that relate to a third
flight plan that differs from the first flight plan and the
second flight plan; calculating a third flight trajectory for
the third flight plan using the third trajectory process; and
after the third trajectory process has calculated the third
flight trajectory, performing a second switch from control-
ling the aircraft to fly along the second flight trajectory to
controlling the aircraft to fly along the third flight trajectory
using the computing device for at least: determining that
the second trajectory process is inactive using the input
router, and determining that the third trajectory process
is active using the input router, wherein the aircraft main-
tains continuous flight along the second flight trajectory
during the second switch.
[0104] The third flight-plan-related inputs may com-
prise one or more of: an input to change meteorological
condition data, an input to change aircraft weight data,
and an input to change aircraft velocity data.
[0105] The first flight trajectory comprises a lateral tra-
jectory or a lateral and vertical trajectory.
[0106] Performing the switch from controlling the air-
craft to fly along the first flight trajectory to controlling the
aircraft to fly along the second flight trajectory may com-
prise performing the switch from controlling the aircraft
to fly along the first flight trajectory to controlling the air-
craft to fly along the second flight trajectory without inter-
ruption.
[0107] Performing the switch from controlling the air-
craft to fly along the first flight trajectory to controlling the
aircraft to fly along the second flight trajectory without
interruption comprises processing the first flight trajecto-
ry and the second flight trajectory in parallel throughout
the switch.
[0108] In another example, a computing device is pro-
vided, comprising: one or more processors; and one or
more non-transitory computer-readable media config-
ured to store at least computer-readable instructions that,
when executed by the one or more processors, cause
the computing device to perform functions comprising:
receiving one or more first flight-plan-related inputs that
comprise a first flight plan to fly an aircraft from an origin
to a destination via one or more waypoints; calculating a
first flight trajectory for the first flight plan; while controlling
the aircraft to fly along the first flight trajectory: receiving
one or more second flight-plan-related inputs that change
the first flight plan to a second flight plan; determining
whether the second flight-plan-related inputs include one
or more of: an input to change the origin, an input to
change the destination, an input to add a waypoint to the
one or more waypoints, and an input to delete a waypoint
of the one or more waypoints; and after determining that
the second flight-plan-related inputs include one or more
of: an input to change the origin, an input to change the
destination, an input to add a waypoint to the one or more
waypoints, and an input to delete a waypoint of the one
or more waypoints, calculating a second flight trajectory
for the second flight plan; and after calculating the second

flight trajectory, performing a switch from controlling the
aircraft to fly along the first flight trajectory to controlling
the aircraft to fly along the second flight trajectory, where-
in the aircraft maintains continuous flight along the first
flight trajectory during the switch.
[0109] The computing device further comprise: a tra-
jectory calculator having a first trajectory process, a sec-
ond trajectory process, and an input router associated
with both the first trajectory process and the second tra-
jectory process, wherein calculating the first flight trajec-
tory for the first flight plan comprises calculating the first
flight trajectory for the first flight plan using the first tra-
jectory process, wherein calculating the second flight tra-
jectory for the second flight plan comprises calculating
the second flight trajectory for the second flight plan using
the second trajectory process while the first trajectory
process is active, and wherein performing the switch from
controlling the aircraft to fly along the first flight trajectory
to controlling the aircraft to fly along the second flight
trajectory comprises: determining that the first trajectory
process is inactive using the input router; and determin-
ing that the second trajectory process is active using the
input router.
[0110] The input router may comprise an input decision
engine, and wherein performing the switch from control-
ling the aircraft to fly along the first flight trajectory to
controlling the aircraft to fly along the second flight tra-
jectory comprises: receiving a change indication that in-
dicates a change of a flight plan at the input router; de-
termining to change trajectory processes based on the
change indication using the input decision engine; and
after determining to change trajectory processes, the in-
put router determining to switch from utilizing the first
trajectory process to utilizing the second trajectory proc-
ess.
[0111] The change indication may indicate a reason
for the change of the flight plan, wherein determining to
change trajectory processes based on the change indi-
cation using the input decision engine comprises deter-
mining to change trajectory processes based on the rea-
son for the change of the flight plan, and wherein the
reason for the change of the flight plan comprises one or
more of: a reason indicating that a flight plan was acti-
vated, a reason indicating that a flight plan was deacti-
vated, a reason indicating that a flight plan was executed,
a reason indicating that a flight plan was discarded, and
a reason indicating that a flight plan was edited.
[0112] It may comprise an output router, wherein de-
termining to change trajectory processes based on the
change indication using the input decision engine com-
prises: generating one or more tags indicating a change
in trajectory processes using the input decision engine;
and providing the one or more tags indicating the change
in trajectory processes to the output router.
[0113] Providing the one or more tags indicating the
change in trajectory processes to the output router may
comprise: providing a first tag of the one or more tags
indicating the first flight plan is inactive to the first trajec-
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tory process, and providing a second tag of the one or
more tags indicating the second flight plan is active to
the second trajectory process; and wherein the functions
further comprise: after the one or more tags indicating
the change in trajectory processes to the output router
are provided, the output router providing a flight trajectory
output of the second trajectory process for controlling the
aircraft to a flight management system of the aircraft
based on the second flight trajectory.
[0114] In another example, a non-transitory computer
readable medium having stored thereon computer-read-
able instructions is provided, that when executed by one
or more processors of a computing device associated
with an aircraft, cause the computing device to perform
functions comprising: receiving one or more first flight-
plan-related inputs that comprise a first flight plan to fly
from an origin to a destination via one or more waypoints;
calculating a first flight trajectory for the first flight plan;
while controlling the aircraft to fly along the first flight tra-
jectory: receiving one or more second flight-plan-related
inputs that change the first flight plan to a second flight
plan; determining whether the second flight-plan-related
inputs include one or more of: an input to change the
origin, an input to change the destination, an input to add
a waypoint to the one or more waypoints, and an input
to delete a waypoint of the one or more waypoints; after
determining that the second flight-plan-related inputs in-
clude one or more of: an input to change the origin, an
input to change the destination, an input to add a way-
point to the one or more waypoints, and an input to delete
a waypoint of the one or more waypoints, calculating a
second flight trajectory for the second flight plan; and
after calculating the second flight trajectory, performing
a switch from controlling the aircraft to fly along the first
flight trajectory to controlling the aircraft to fly along the
second flight trajectory, wherein the aircraft maintains
continuous flight along the first flight trajectory during the
switch.
[0115] The novel features believed characteristic of the
illustrative embodiments are set forth in the appended
claims. The illustrative embodiments, however, as well
as a preferred mode of use, further objectives and de-
scriptions thereof, will best be understood by reference
to the present specification when read in conjunction with
the accompanying drawings in which some, but not all
of the disclosed embodiments may be shown.
[0116] It should be understood that for this and other
processes and methods disclosed herein, flowcharts
show functionality and operation of one possible imple-
mentation of present embodiments. In this regard, each
block may represent a module, a segment, or a portion
of program code, which includes one or more instructions
executable by a processor for implementing specific log-
ical functions or steps in the process. The program code
may be stored on any type of computer readable medium
or data storage, for example, such as a storage device
including a disk or hard drive. Further, the program code
can be encoded on a computer-readable storage media

in a machine-readable format, or on other non-transitory
media or articles of manufacture. The computer readable
medium may include non-transitory computer readable
medium or memory, for example, such as computer-
readable media that stores data for short periods of time
like register memory, processor cache and Random Ac-
cess Memory (RAM). The computer readable medium
may also include non-transitory media, such as second-
ary or persistent long term storage, like read only memory
(ROM), optical or magnetic disks, compact-disc read only
memory (CD-ROM), for example. The computer reada-
ble media may also be any other volatile or non-volatile
storage systems. The computer readable medium may
be considered a tangible computer readable storage me-
dium, for example.
[0117] In addition, each block in the disclosed flow-
charts may represent circuitry that is wired to perform the
specific logical functions in the process. Alternative im-
plementations are included within the scope of the ex-
ample embodiments of the present disclosure in which
functions may be executed out of order from that shown
or discussed, including substantially concurrent or in re-
verse order, depending on the functionality involved, as
would be understood by those reasonably skilled in the
art.
[0118] The description of the different advantageous
arrangements has been presented for purposes of illus-
tration and description, and is not intended to be exhaus-
tive or limited to the embodiments in the form disclosed.
Many modifications and variations will be apparent to
those of ordinary skill in the art. Further, different advan-
tageous embodiments may describe different advantag-
es as compared to other advantageous embodiments.
The embodiment or embodiments selected are chosen
and described in order to best explain the principles of
the embodiments, the practical application, and to enable
others of ordinary skill in the art to understand the dis-
closure for various embodiments with various modifica-
tions as are suited to the particular use contemplated.

Claims

1. A method (800) to control an aircraft (100), the meth-
od comprising:

receiving (810), at a computing device (102,
200), one or more first flight-plan-related inputs
(140, 630) that comprise a first flight plan to fly
from an origin to a destination via one or more
waypoints, wherein the computing device (102,
200) comprises a trajectory calculator (120) hav-
ing a first trajectory process (124A, 310, 610A),
a second trajectory process (124N, 330, 610N),
and an input router (122) associated with both
the first trajectory process and the second tra-
jectory process;
calculating (820) a first flight trajectory (312,
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414) for the first flight plan using the computing
device;
while controlling (830) the aircraft to fly along
the first flight trajectory, the computing device:

receiving (830) one or more second flight-
plan-related inputs (460) that change the
first flight plan to a second flight plan;
determining (830) whether the second
flight-plan-related inputs include one or
more of: an input to change the origin, an
input to change the destination, an input to
add a waypoint to the one or more way-
points, and an input to delete a waypoint of
the one or more waypoints; and
after determining that the second flight-
plan-related inputs include one or more of:
an input to change the origin, an input to
change the destination, an input to add a
waypoint to the one or more waypoints, and
an input to delete a waypoint of the one or
more waypoints, calculating (830) a second
flight trajectory (434, 534) for the second
flight plan; and

after the computing device has calculated the
second flight trajectory, performing (840) a
switch from controlling the aircraft to fly along
the first flight trajectory to controlling the aircraft
to fly along the second flight trajectory using the
computing device, wherein the aircraft main-
tains continuous flight along the first flight tra-
jectory during the switch,
wherein calculating the first flight trajectory for
the first flight plan comprises calculating the first
flight trajectory for the first flight plan using the
first trajectory process,
wherein calculating the second flight trajectory
for the second flight plan comprises calculating
the second flight trajectory for the second flight
plan using the second trajectory process while
the first trajectory process is active, and
wherein performing the switch from controlling
the aircraft to fly along the first flight trajectory
to controlling the aircraft to fly along the second
flight trajectory comprises:

determining that the first trajectory process
is inactive using the input router; and
determining that the second trajectory proc-
ess is active using the input router.

2. The method of claim 1, wherein the input router com-
prises an input decision engine (128), and wherein
performing the switch from controlling the aircraft to
fly along the first flight trajectory to controlling the
aircraft to fly along the second flight trajectory com-
prises:

receiving a change indication (460, 630, 710)
that indicates a change of a flight plan at the
input router;
determining to change trajectory processes
based on the change indication using the input
decision engine; and
after determining to change trajectory process-
es, the input router determining to switch (732)
from utilizing the first trajectory process to utiliz-
ing the second trajectory process.

3. The method of claim 2,

wherein the change indication indicates a rea-
son for the change of the flight plan (720), and
wherein determining to change trajectory proc-
esses based on the change indication using the
input decision engine comprises determining to
change trajectory processes based on the rea-
son for the change of the flight plan, and
wherein the reason for the change of the flight
plan comprises one or more of: a reason indi-
cating that the flight plan was activated (730), a
reason indicating that the flight plan was deac-
tivated (740), a reason indicating that the flight
plan was executed (730), a reason indicating
that the flight plan was discarded (740), and a
reason indicating that the flight plan was edited
(740).

4. The method of claim 2,
wherein the computing device further comprises an
output router (126), and wherein determining to
change trajectory processes based on the change
indication using the input decision engine comprises:

generating one or more tags (642) indicating a
change in trajectory processes using the input
decision engine; and
providing the one or more tags indicating the
change in trajectory processes to the output
router, wherein providing the one or more tags
indicating the change in trajectory processes to
the output router comprises:

providing a first tag of the one or more tags
indicating the first flight plan is inactive to
the first trajectory process; and
providing a second tag of the one or more
tags indicating the second flight plan is ac-
tive to the second trajectory process.

5. The method of claim 4, further comprising:
after the one or more tags indicating the change in
trajectory processes to the output router are provid-
ed, the output router providing (662) a flight trajectory
output of the second trajectory process for controlling
the aircraft to a flight management system of the air-
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craft based on the second flight trajectory.

6. The method of any of the preceding claims, wherein
the trajectory calculator further comprises a third tra-
jectory process (124B, 320, 610B), and wherein the
method further comprises:

receiving, at the computing device, one or more
third flight-plan-related inputs that relate to a
third flight plan that differs from the first flight
plan and the second flight plan;
calculating a third flight trajectory (332) for the
third flight plan using the third trajectory process;
and
after the third trajectory process has calculated
the third flight trajectory, performing a second
switch from controlling the aircraft to fly along
the second flight trajectory to controlling the air-
craft to fly along the third flight trajectory using
the computing device for at least:

determining that the second trajectory proc-
ess is inactive using the input router, and
determining that the third trajectory process
is active using the input router, wherein the
aircraft maintains continuous flight along
the second flight trajectory during the sec-
ond switch,

wherein the third flight-plan-related inputs com-
prise one or more of: an input to change mete-
orological condition data, an input to change air-
craft weight data, and an input to change aircraft
velocity data.

7. The method of any of the preceding claims, wherein
the first flight trajectory comprises a lateral trajectory
(312, 322, 332).

8. The method of any of claims 1 to 6, wherein the first
flight trajectory comprises a lateral trajectory (312,
322, 332) and vertical trajectory (314, 324, 334, 414,
434, 534).

9. The method of any of the preceding claims, wherein
performing the switch from controlling the aircraft to
fly along the first flight trajectory to controlling the
aircraft to fly along the second flight trajectory com-
prises performing the switch from controlling the air-
craft to fly along the first flight trajectory to controlling
the aircraft to fly along the second flight trajectory
without interruption.

10. The method of any of the preceding claims, wherein
performing the switch from controlling the aircraft to
fly along the first flight trajectory to controlling the
aircraft to fly along the second flight trajectory without
interruption comprises processing the first flight tra-

jectory and the second flight trajectory in parallel
throughout the switch.

11. A computing device (102, 200), comprising:

a trajectory calculator (120) having a first trajec-
tory process (124A, 310, 610A), a second tra-
jectory process (124N, 330, 610N), and an input
router (122) associated with both the first trajec-
tory process and the second trajectory process;
one or more processors (203); and
one or more non-transitory computer-readable
media (204) configured to store at least compu-
ter-readable instructions (206) that, when exe-
cuted by the one or more processors, cause the
computing device to perform functions compris-
ing:

receiving (810) one or more first flight-plan-
related inputs (140, 630) that comprise a
first flight plan to fly an aircraft (100) from
an origin to a destination via one or more
waypoints;
calculating (820) a first flight trajectory (312,
414) for the first flight plan;
while controlling (830) the aircraft to fly
along the first flight trajectory:

receiving (830) one or more second
flight-plan-related inputs (460) that
change the first flight plan to a second
flight plan;
determining (830) whether the second
flight-plan-related inputs include one or
more of: an input to change the origin,
an input to change the destination, an
input to add a waypoint to the one or
more waypoints, and an input to delete
a waypoint of the one or more way-
points; and
after determining that the second flight-
plan-related inputs include one or more
of: an input to change the origin, an in-
put to change the destination, an input
to add a waypoint to the one or more
waypoints, and an input to delete a way-
point of the one or more waypoints, cal-
culating (830) a second flight trajectory
(434, 534) for the second flight plan;
and

after calculating the second flight trajectory,
performing (840) a switch from controlling
the aircraft to fly along the first flight trajec-
tory to controlling the aircraft to fly along the
second flight trajectory, wherein the aircraft
maintains continuous flight along the first
flight trajectory during the switch.
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wherein calculating the first flight trajectory for
the first flight plan comprises calculating the first
flight trajectory for the first flight plan using the
first trajectory process,
wherein calculating the second flight trajectory
for the second flight plan comprises calculating
the second flight trajectory for the second flight
plan using the second trajectory process while
the first trajectory process is active, and
wherein performing the switch from controlling
the aircraft to fly along the first flight trajectory
to controlling the aircraft to fly along the second
flight trajectory comprises:

determining that the first trajectory process
is inactive using the input router; and
determining that the second trajectory proc-
ess is active using the input router.

12. The computing device of claim 11, wherein the input
router comprises an input decision engine (128), and
wherein performing the switch from controlling the
aircraft to fly along the first flight trajectory to control-
ling the aircraft to fly along the second flight trajectory
comprises:

receiving a change indication (460, 630, 710)
that indicates a change of a flight plan at the
input router;
determining to change trajectory processes
based on the change indication using the input
decision engine; and
after determining to change trajectory process-
es, the input router determining to switch (732)
from utilizing the first trajectory process to utiliz-
ing the second trajectory process.

13. The computing device of claim 12, wherein the
change indication indicates a reason for the change
of the flight plan (720),

wherein determining to change trajectory proc-
esses based on the change indication using the
input decision engine comprises determining to
change trajectory processes based on the rea-
son for the change of the flight plan, and
wherein the reason for the change of the flight
plan comprises one or more of: a reason indi-
cating that the flight plan was activated (730), a
reason indicating that the flight plan was deac-
tivated (740), a reason indicating that the flight
plan was executed (730), a reason indicating
that the flight plan was discarded (740), and a
reason indicating that the flight plan was edited
(740).

14. The computing device of claim 12 or 13, further com-
prising an output router (126), wherein determining

to change trajectory processes based on the change
indication using the input decision engine comprises:

generating one or more tags (642) indicating a
change in trajectory processes using the input
decision engine; and
providing the one or more tags indicating the
change in trajectory processes to the output
router,
wherein providing the one or more tags indicat-
ing the change in trajectory processes to the out-
put router comprises:

providing a first tag of the one or more tags
indicating the first flight plan is inactive to
the first trajectory process, and
providing a second tag of the one or more
tags indicating the second flight plan is ac-
tive to the second trajectory process; and

wherein the functions further comprise:
after the one or more tags indicating the change
in trajectory processes to the output router are
provided, the output router providing (662) a
flight trajectory output of the second trajectory
process for controlling the aircraft to a flight man-
agement system of the aircraft based on the sec-
ond flight trajectory.

15. Non-transitory computer readable medium having
stored thereon computer-readable instructions, that
when executed by one or more processors of a com-
puting device associated with an aircraft, cause the
computing device to perform the method as defined
in claim 1.

Patentansprüche

1. Verfahren (800) zur Steuerung eines Flugzeugs
(100), wobei das Verfahren umfasst:

Empfangen (810) einer oder mehrerer erster
flugplanbezogener Eingaben (140, 630) an ei-
ner Rechenvorrichtung (102, 200), die einen
ersten Flugplan zum Fliegen von einem Start-
punkt zu einem Zielpunkt über einen oder meh-
rere Wegpunkte umfassen, wobei die Rechen-
vorrichtung (102, 200) einen Trajektorie-Rech-
ner (120) mit einem ersten Trajektorie-Prozess
(124A, 310, 610A), einem zweiten Trajektorie-
Prozess (124N, 330, 610N) und einem Einga-
berouter (122) umfasst, der sowohl dem ersten
Trajektorie-Prozess als auch dem zweiten Tra-
jektorie-Prozess zugeordnet ist;
Berechnen (820) einer ersten Flugtrajektorie
(312, 414) für den ersten Flugplan unter Ver-
wendung der Rechenvorrichtung;
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während der Steuerung (830) des Flugzeugs,
um entlang der ersten Flugtrajektorie zu fliegen,
führt die die Rechenvorrichtung aus:

Empfangen (830) einer oder mehrerer zwei-
ter flugplanbezogener Eingaben (460), die
den ersten Flugplan in einen zweiten Flug-
plan ändern;
Bestimmen (830), ob die zweiten flugplan-
bezogenen Eingaben eine oder mehrere
der folgenden Eingaben umfassen: eine
Eingabe zum Ändern des Startpunkts, eine
Eingabe zum Ändern des Zielpunkts, eine
Eingabe zum Hinzufügen eines Wegpunkts
zu dem einen oder den mehreren Weg-
punkten und eine Eingabe zum Löschen ei-
nes Wegpunkts des einen oder der mehre-
ren Wegpunkte; und
nach der Feststellung, dass die zweiten
flugplanbezogenen Eingaben eine oder
mehrere der folgenden Eingaben umfas-
sen: eine Eingabe zum Ändern des Start-
punkts, eine Eingabe zum Ändern des Ziel-
punkts, eine Eingabe zum Hinzufügen ei-
nes Wegpunkts zu dem einen oder den
mehreren Wegpunkten und eine Eingabe
zum Löschen eines Wegpunkts des einen
oder der mehreren Wegpunkte, Berechnen
(830) einer zweiten Flugtrajektorie (434,
534) für den zweiten Flugplan; und

nachdem die Rechenvorrichtung die zweite
Flugtrajektorie berechnet hat, Durchführen
(840) eines Wechsels von der Steuerung des
Flugzeugs, um entlang der ersten Flugtrajekto-
rie zu fliegen, zur Steuerung des Flugzeugs, um
entlang der zweiten Flugtrajektorie zu fliegen,
unter Verwendung der Rechenvorrichtung, wo-
bei das Flugzeug während des Wechsels einen
kontinuierlichen Flug entlang der ersten Flugtra-
jektorie beibehält,
wobei das Berechnen der ersten Flugtrajektorie
für den ersten Flugplan das Berechnen der ers-
ten Flugtrajektorie für den ersten Flugplan unter
Verwendung des ersten Trajektorie-Prozesses
umfasst,
wobei das Berechnen der zweiten Flugtrajekto-
rie für den zweiten Flugplan das Berechnen der
zweiten Flugtrajektorie für den zweiten Flugplan
unter Verwendung des zweiten Trajektorie-Pro-
zesses umfasst, während der erste Trajektorie-
Prozess aktiv ist, und
wobei die Durchführung des Wechsels von der
Steuerung des Flugzeugs zum Fliegen entlang
der ersten Flugtrajektorie zur Steuerung des
Flugzeugs zum Fliegen entlang der zweiten
Flugtrajektorie umfasst:

Bestimmung, dass der erste Trajektorie-
Prozess inaktiv ist, unter Verwendung des
Eingaberouters; und
Feststellung, dass der zweite Trajektorie-
Prozess aktiv ist, unter Verwendung des
Eingaberouters.

2. Verfahren nach Anspruch 1, wobei der Eingabe-
Router eine Eingabe-Entscheidungsmaschine (128)
umfasst, und wobei das Durchführen des Wechsels
von der Steuerung des Flugzeugs zum Fliegen ent-
lang der ersten Flugtrajektorie zur Steuerung des
Flugzeugs zum Fliegen entlang der zweiten Flugtra-
jektorie umfasst:

Empfang einer Änderungsanzeige (460, 630,
710), die eine Änderung eines Flugplans am
Eingaberouter anzeigt;
Bestimmung der Änderung von Trajektorie-Pro-
zessen auf der Grundlage der Änderungsanzei-
ge unter Verwendung der Eingabe-Entschei-
dungsmaschine; und
nach dem Bestimmen des Wechselns von Tra-
jektorie-Prozessen bestimmt der Eingaberou-
ter, von der Verwendung des ersten Trajektorie-
Prozesses zur Verwendung des zweiten Trajek-
torie-Prozesses zu wechseln (732).

3. Verfahren nach Anspruch 2,

wobei die Änderungsanzeige einen Grund für
die Änderung des Flugplans (720) angibt, und
wobei das Bestimmen des Änderns von Trajek-
torie-Prozessen basierend auf der Änderungs-
anzeige unter Verwendung der Eingabe-Ent-
scheidungsmaschine das Bestimmen des Än-
derns von Trajektorie-Prozessen basierend auf
dem Grund für die Änderung des Flugplans um-
fasst, und
wobei der Grund für die Änderung des Flugplans
einen oder mehrere der folgenden Punkte um-
fasst: einen Grund, der anzeigt, dass der Flug-
plan aktiviert wurde (730), einen Grund, der an-
zeigt, dass der Flugplan deaktiviert wurde (740),
einen Grund, der anzeigt, dass der Flugplan
ausgeführt wurde (730), einen Grund, der an-
zeigt, dass der Flugplan verworfen wurde (740),
und einen Grund, der anzeigt, dass der Flugplan
bearbeitet wurde (740).

4. Verfahren nach Anspruch 2,
wobei die Rechenvorrichtung ferner einen Aus-
gangsrouter (126) umfasst, und wobei das Bestim-
men des Änderns von Trajektorie-Prozessen basie-
rend auf der Änderungsanzeige unter Verwendung
der Eingabe-Entscheidungsmaschine umfasst:

Erzeugen einer oder mehrerer Tags (642), die

39 40 



EP 3 623 895 B1

22

5

10

15

20

25

30

35

40

45

50

55

eine Änderung der Trajektorie-Prozesse anzei-
gen, unter Verwendung der Eingabe-Entschei-
dungsmaschine; und
Bereitstellen des einen oder der mehreren Tags,
die die Änderung der Trajektorie-Prozesse an-
zeigen, an den Ausgangsrouter, wobei das Be-
reitstellen des einen oder der mehreren Tags,
die die Änderung der Trajektorie-Prozesse an-
zeigen, an den Ausgangsrouter umfasst:

Bereitstellen eines ersten Tags der einen
oder mehreren Tags, der anzeigt, dass der
erste Flugplan inaktiv ist, für den ersten Tra-
jektorie-Prozess; und
Bereitstellen eines zweiten Tags des einen
oder der mehreren Tags, der anzeigt, dass
der zweite Flugplan aktiv ist, für den zweiten
Trajektorie-Prozess.

5. Verfahren nach Anspruch 4 umfasst ferner:
nachdem der eine oder die mehreren Tags, die die
Änderung der Trajektorie-prozesse anzeigen, an
den Ausgangsrouter geliefert werden, liefert der
Ausgangsrouter (662) eine Flugtrajektorie-Ausgabe
des zweiten Trajektorie-Prozesses zur Steuerung
des Flugzeugs an ein Flugmanagementsystem des
Flugzeugs auf der Grundlage der zweiten Flugtra-
jektorie.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei der Trajektorie-Rechner weiterhin einen
dritten Trajektorie-Prozess (124B, 320, 610B) um-
fasst, und wobei das Verfahren weiterhin umfasst:

Empfangen einer oder mehrerer dritter flugplan-
bezogener Eingaben in der Rechenvorrichtung,
die sich auf einen dritten Flugplan beziehen, der
sich von dem ersten Flugplan und dem zweiten
Flugplan unterscheidet;
Berechnen einer dritten Flugtrajektorie (332) für
den dritten Flugplan unter Verwendung des drit-
ten Trajektorie-Prozesses; und
nachdem der dritte Trajektorie-Prozess die drit-
te Flugtrajektorie berechnet hat, Durchführen ei-
nes zweiten Wechsels von der Steuerung des
Flugzeugs, um entlang der zweiten Flugtrajek-
torie zu fliegen, zur Steuerung des Flugzeugs,
um entlang der dritten Flugtrajektorie zu fliegen,
unter Verwendung der Rechenvorrichtung für
mindestens:

Feststellung, dass der zweite Trajektorie-
Prozess inaktiv ist, unter Verwendung des
Eingaberouters, und
Bestimmen, dass der dritte Trajektorie-Pro-
zess unter Verwendung des Eingaberou-
ters aktiv ist, wobei das Flugzeug während
des zweiten Wechsels einen kontinuierli-

chen Flug entlang der zweiten Flugtrajekto-
rie beibehält,
wobei die dritten flugplanbezogenen Einga-
ben eine oder mehrere der folgenden Ein-
gaben umfassen: eine Eingabe zur Ände-
rung der meteorologischen Zustandsdaten,
eine Eingabe zur Änderung der Flugzeug-
gewichtsdaten und eine Eingabe zur Ände-
rung der Flugzeuggeschwindigkeitsdaten.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die erste Flugtrajektorie eine seitliche
Flugtrajektorie (312, 322, 332) umfasst.

8. Verfahren nach einem der Ansprüche 1 bis 6, wobei
die erste Flugtrajektorie eine seitliche Flugtrajektorie
(312, 322, 332) und eine vertikale Flugtrajektorie
(314, 324, 334, 414, 434, 534) umfasst.

9. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Umschalten von der Steuerung des
Flugzeugs zum Fliegen entlang der ersten Flugtra-
jektorie zur Steuerung des Flugzeugs zum Fliegen
entlang der zweiten Flugtrajektorie das Durchführen
des Umschaltens von der Steuerung des Flugzeugs
zum Fliegen entlang der ersten Flugtrajektorie zur
Steuerung des Flugzeugs zum Fliegen entlang der
zweiten Flugtrajektorie ohne Unterbrechung um-
fasst.

10. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Durchführung des Wechsels von der
Steuerung des Flugzeugs zum Fliegen entlang der
ersten Flugtrajektorie zur Steuerung des Flugzeugs
zum Fliegen entlang der zweiten Flugtrajektorie oh-
ne Unterbrechung die parallele Verarbeitung der
ersten Flugtrajektorie und der zweiten Flugtrajekto-
rie während des Wechsels umfasst.

11. Rechenvorrichtung (102, 200), die Folgendes um-
fasst:

einen Trajektorie-Rechner (120) mit einem ers-
ten Trajektorie-Prozess (124A, 310, 610A), ei-
nem zweiten Trajektorie-Prozess (124N, 330,
610N) und einem Eingaberouter (122), der so-
wohl dem ersten Trajektorie-Prozess als auch
dem zweiten Trajektorie-Prozess zugeordnet
ist;
einem oder mehreren Prozessoren (203); und
ein oder mehrere nicht-übertragbare computer-
lesbare Medien (204), die so konfiguriert sind,
dass sie zumindest computerlesbare Anweisun-
gen (206) speichern, die, wenn sie von dem ei-
nen oder den mehreren Prozessoren ausgeführt
werden, die Rechenvorrichtung veranlassen,
Funktionen auszuführen, die Folgendes umfas-
sen:
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Empfangen (810) einer oder mehrerer ers-
ter flugplanbezogener Eingaben (140, 630),
die einen ersten Flugplan zum Fliegen ei-
nes Flugzeugs (100) von einem Ausgangs-
punkt zu einem Zielort über einen oder meh-
rere Wegpunkte umfassen;
Berechnen (820) einer ersten Flugtrajekto-
rie (312, 414) für den ersten Flugplan;
während das Flugzeug so gesteuert wird
(830), dass es entlang der ersten Flugtra-
jektorie fliegt:

Empfangen (830) einer oder mehrerer
zweiter flugplanbezogener Eingaben
(460), die den ersten Flugplan in einen
zweiten Flugplan ändern;
Bestimmen (830), ob die zweiten flug-
planbezogenen Eingaben eine oder
mehrere der folgenden Eingaben um-
fassen: eine Eingabe zum Ändern des
Startpunkts, eine Eingabe zum Ändern
des Zielpunkts, eine Eingabe zum Hin-
zufügen eines Wegpunkts zu dem ei-
nen oder den mehreren Wegpunkten
und eine Eingabe zum Löschen eines
Wegpunkts des einen oder der mehre-
ren Wegpunkte; und
nach der Feststellung, dass die zweiten
flugplanbezogenen Eingaben eine
oder mehrere der folgenden Eingaben
umfassen: eine Eingabe zum Ändern
des Startpunkts, eine Eingabe zum Än-
dern des Zielpunkts, eine Eingabe zum
Hinzufügen eines Wegpunkts zu dem
einen oder den mehreren Wegpunkten
und eine Eingabe zum Löschen eines
Wegpunkts des einen oder der mehre-
ren Wegpunkte, Berechnen (830) einer
zweiten Flugtrajektorie (434, 534) für
den zweiten Flugplan; und

nach dem Berechnen der zweiten Flugtra-
jektorie, Durchführen (840) eines Wechsels
von der Steuerung des Flugzeugs, um ent-
lang der ersten Flugtrajektorie zu fliegen,
zur Steuerung des Flugzeugs, um entlang
der zweiten Flugtrajektorie zu fliegen, wobei
das Flugzeug während des Wechsels einen
kontinuierlichen Flug entlang der ersten
Flugtrajektorie beibehält;

wobei das Berechnen der ersten Flugtrajektorie
für den ersten Flugplan das Berechnen der ers-
ten Flugtrajektorie für den ersten Flugplan unter
Verwendung des ersten Flugbahnprozesses
umfasst,
wobei das Berechnen der zweiten Flugtrajekto-
rie für den zweiten Flugplan das Berechnen der

zweiten Flugtrajektorie für den zweiten Flugplan
unter Verwendung des zweiten Trajektorie-Pro-
zesses umfasst, während der erste Trajektorie-
Prozess aktiv ist, und
wobei die Durchführung des Wechsels von der
Steuerung des Flugzeugs zum Fliegen entlang
der ersten Flugtrajektorie zur Steuerung des
Flugzeugs zum Fliegen entlang der zweiten
Flugtrajektorie umfasst:

Feststellung, dass der erste Trajektorie-
Prozess inaktiv ist, unter Verwendung des
Eingaberouters; und
Feststellung, dass der zweite Trajektorie-
Prozess aktiv ist, unter Verwendung des
Eingaberouters.

12. Rechenvorrichtung nach Anspruch 11, wobei der
Eingaberouter eine Eingabe-Entscheidungsmaschi-
ne (128) umfasst, und wobei das Durchführen des
Wechsels von der Steuerung des Flugzeugs zum
Fliegen entlang der ersten Flugtrajektorie zur Steu-
erung des Flugzeugs zum Fliegen entlang der zwei-
ten Flugtrajektorie umfasst:

Empfang einer Änderungsanzeige (460, 630,
710), die eine Änderung eines Flugplans am
Eingaberouter anzeigt;
Bestimmung der Änderung von Trajektorie-Pro-
zessen auf der Grundlage der Änderungsanzei-
ge unter Verwendung der Eingabe-Entschei-
dungsmaschine; und
nach dem Bestimmen des Wechselns von Tra-
jektorie-Prozessen, Bestimmen durch den Ein-
gaberouter, von der Verwendung des ersten
Trajektorie-Prozesses zur Verwendung des
zweiten Trajektorie-Prozesses zu wechseln
(732).

13. Rechenvorrichtung nach Anspruch 12, wobei die Än-
derungsanzeige einen Grund für die Änderung des
Flugplans (720) angibt,

wobei das Bestimmen des Änderns von Trajek-
torie-Prozessen basierend auf der Änderungs-
anzeige unter Verwendung der Eingabe-Ent-
scheidungsmaschine das Bestimmen des Än-
derns von Trajektorie-Prozessen basierend auf
dem Grund für die Änderung des Flugplans um-
fasst, und
wobei der Grund für die Änderung des Flugplans
einen oder mehrere der folgenden Punkte um-
fasst: einen Grund, der anzeigt, dass der Flug-
plan aktiviert wurde (730), einen Grund, der an-
zeigt, dass der Flugplan deaktiviert wurde (740),
einen Grund, der anzeigt, dass der Flugplan
ausgeführt wurde (730), einen Grund, der an-
zeigt, dass der Flugplan verworfen wurde (740),

43 44 



EP 3 623 895 B1

24

5

10

15

20

25

30

35

40

45

50

55

und einen Grund, der anzeigt, dass der Flugplan
bearbeitet wurde (740).

14. Rechenvorrichtung nach Anspruch 12 oder 13, die
ferner einen Ausgangsrouter (126) umfasst, wobei
die Bestimmung, Trajektorie-Prozesse auf der
Grundlage der Änderungsanzeige unter Verwen-
dung der Eingabeentscheidungsmaschine zu än-
dern, Folgendes umfasst:

Erzeugen eines oder mehrerer Tags (642), die
eine Änderung der Trajektorie-Prozesse anzei-
gen, unter Verwendung der Eingabe-Entschei-
dungsmaschine; und
Bereitstellung des einen oder der mehreren
Tags, die die Änderung der Trajektorie-Prozes-
se anzeigen, an den Ausgangsrouter,
wobei die Bereitstellung des einen oder der
mehreren Tags, die die Änderung der Trajekto-
rie-Prozesse anzeigen, an den Ausgangsrouter
umfasst:

Bereitstellen eines ersten Tags des einen
oder der mehreren Tags, der anzeigt, dass
der erste Flugplan inaktiv ist, für den ersten
Trajektorie-Prozess, und
Bereitstellen eines zweiten Tags des einen
oder der mehreren Tags, der anzeigt, dass
der zweite Flugplan aktiv ist, für den zweiten
Trajektorie-Prozess; und

wobei die Funktionen weiterhin umfassen:
nachdem der eine oder die mehreren Tags, die
die Änderung der Trajektorie-Prozesse anzei-
gen, an den Ausgangsrouter geliefert werden,
liefert der Ausgangsrouter (662) eine Flugbahn-
ausgabe des zweiten Trajektorie-Prozesses zur
Steuerung des Flugzeugs an ein Flugmanage-
mentsystem des Flugzeugs auf der Grundlage
der zweiten Flugtrajektorie.

15. Nicht-transitorisches computerlesbares Medium mit
darauf gespeicherten computerlesbaren Befehlen,
die, wenn sie von einem oder mehreren Prozessoren
einer mit einem Flugzeug verbundenen Rechenvor-
richtung ausgeführt werden, die Rechenvorrichtung
veranlassen, das in Anspruch 1 definierte Verfahren
durchzuführen.

Revendications

1. Procédé (800) de commande d’un aéronef (100), le
procédé comprenant :

la réception (810), au niveau d’un dispositif in-
formatique (102, 200), d’une ou plusieurs en-
trées de premier plan de vol (140, 630) qui com-

prennent un premier plan de vol pour voler d’une
origine à une destination via un ou plusieurs
points de cheminement, le dispositif informati-
que (102, 200) comprenant un calculateur de
trajectoire (120) présentant un premier proces-
sus de trajectoire (124A, 310, 610A), un deuxiè-
me processus de trajectoire (124N, 330, 610N),
et un routeur d’entrée (122) associé à la fois au
premier processus de trajectoire et au deuxième
processus de trajectoire ;
le calcul (820) d’une première trajectoire de vol
(312, 414) pour le premier plan de vol à l’aide
du dispositif informatique ;
tout en commandant (830) l’aéronef pour voler
le long de la première trajectoire de vol, par le
dispositif informatique :

la réception (830) d’une ou plusieurs en-
trées de deuxième plan de vol (460) qui
remplacent le premier plan de vol par un
deuxième plan de vol ;
la détermination (830) que les entrées de
deuxième plan de vol comprennent ou non
une ou plusieurs des entrées suivantes :
une entrée de changement d’origine, une
entrée de changement de destination, une
entrée d’ajout d’un point de cheminement à
un ou plusieurs points de cheminement, et
une entrée de suppression d’un point de
cheminement des un ou plusieurs points de
cheminement ; et
après la détermination que les entrées de
deuxième plan de vol comprennent une ou
plusieurs des entrées suivantes : une en-
trée de changement d’origine, une entrée
de changement de destination, une entrée
d’ajout d’un point de cheminement à un ou
plusieurs points de cheminement, et une
entrée de suppression d’un point de chemi-
nement des un ou plusieurs points de che-
minement, le calcul (830) d’une deuxième
trajectoire de vol (434 , 534) pour le deuxiè-
me plan de vol ; et

après que le dispositif informatique a calculé la
deuxième trajectoire de vol, la réalisation (840)
d’un basculement de la commande de l’aéronef
pour voler le long de la première trajectoire de
vol sur la commande de l’aéronef pour voler le
long de la deuxième trajectoire de vol à l’aide
du dispositif informatique, l’aéronef maintenant
un vol continu le long de la première trajectoire
de vol pendant le basculement,
dans lequel le calcul de la première trajectoire
de vol pour le premier plan de vol comprend le
calcul de la première trajectoire de vol pour le
premier plan de vol à l’aide du premier proces-
sus de trajectoire,
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dans lequel le calcul de la deuxième trajectoire
de vol pour le deuxième plan de vol comprend
le calcul de la deuxième trajectoire de vol pour
le deuxième plan de vol à l’aide du deuxième
processus de trajectoire pendant que le premier
processus de trajectoire est actif, et
dans lequel la réalisation du basculement de la
commande de l’aéronef pour voler le long de la
première trajectoire de vol sur la commande de
l’aéronef pour voler le long de la deuxième tra-
jectoire de vol comprend :

la détermination que le premier processus
de trajectoire est inactif à l’aide du routeur
d’entrée ; et
la détermination que le deuxième proces-
sus de trajectoire est actif à l’aide du routeur
d’entrée.

2. Procédé selon la revendication 1, dans lequel le rou-
teur d’entrée comprend un moteur de décision d’en-
trée (128), et dans lequel la réalisation du bascule-
ment de la commande de l’aéronef pour voler le long
de la première trajectoire de vol sur la commande
de l’aéronef pour voler le long de la deuxième tra-
jectoire de vol comprend :

la réception d’une indication de changement
(460, 630, 710) qui indique un changement d’un
plan de vol au niveau du routeur d’entrée ;
la détermination qu’il convient de changer de
processus de trajectoire en fonction de l’indica-
tion de changement à l’aide du moteur de déci-
sion d’entrée ; et
après la détermination qu’il convient de changer
de processus de trajectoire, la détermination par
le routeur d’entrée qu’il convient de basculer
(732) de l’utilisation du premier processus de
trajectoire à l’utilisation du deuxième processus
de trajectoire.

3. Procédé selon la revendication 2,

dans lequel l’indication de changement indique
une raison du changement du plan de vol (720),
et dans lequel la détermination qu’il convient de
changer de processus de trajectoire en fonction
de l’indication de changement à l’aide du moteur
de décision d’entrée comprend la détermination
qu’il convient de changer de processus de tra-
jectoire en fonction de la raison du changement
du plan de vol, et
dans lequel la raison du changement du plan de
vol comprend une ou plusieurs des raisons
suivantes : une raison indiquant que le plan de
vol a été activé (730), une raison indiquant que
le plan de vol a été désactivé (740), une raison
indiquant que le plan de vol a été exécuté (730),

une raison indiquant que le plan de vol a été
abandonné (740) et une raison indiquant que le
plan de vol a été modifié (740).

4. Procédé selon la revendication 2,
dans lequel le dispositif de calcul comprend en outre
un routeur de sortie (126), et dans lequel la détermi-
nation qu’il convient de changer de processus de
trajectoire en fonction de l’indication de changement
à l’aide du moteur de décision d’entrée comprend :

la génération d’une ou plusieurs étiquettes (642)
indiquant un changement de processus de tra-
jectoire à l’aide du moteur de décision d’entrée ;
et
la fourniture des une ou plusieurs étiquettes in-
diquant le changement de processus de trajec-
toire au routeur de sortie, la fourniture des une
ou plusieurs étiquettes indiquant le changement
de processus de trajectoire au routeur de sortie
comprenant :

la fourniture d’une première étiquette des
une ou plusieurs étiquettes indiquant que le
premier plan de vol est inactif au premier
processus de trajectoire ; et
la fourniture d’une deuxième étiquette d’une
ou plusieurs étiquettes indiquant que le
deuxième plan de vol est actif au deuxième
processus de trajectoire.

5. Procédé de la revendication 4, comprenant en
outre :
après la fourniture des une ou plusieurs étiquettes
indiquant le changement de processus de trajectoire
au routeur de sortie, la fourniture (662) par le routeur
de sortie d’une sortie de trajectoire de vol du deuxiè-
me processus de trajectoire pour commander l’aé-
ronef à un système de gestion de vol de l’aéronef en
fonction de la deuxième trajectoire de vol.

6. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le calculateur de trajectoi-
re comprend en outre un troisième processus de tra-
jectoire (124B, 320, 610B), et le procédé comprenant
en outre :

la réception, au niveau du dispositif informati-
que, d’une ou plusieurs entrées de troisième
plan de vol qui se rapportent à un troisième plan
de vol qui diffère du premier plan de vol et du
deuxième plan de vol ;
le calcul d’une troisième trajectoire de vol (332)
pour le troisième plan de vol à l’aide du troisième
processus de trajectoire ; et
après que le troisième processus de trajectoire
a calculé la troisième trajectoire de vol, la réali-
sation d’un deuxième basculement de la com-
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mande de l’aéronef pour voler le long de la
deuxième trajectoire de vol sur la commande de
l’aéronef pour voler le long de la troisième tra-
jectoire de vol à l’aide du dispositif informatique
pour au moins :

déterminer que le deuxième processus de
trajectoire est inactif à l’aide du routeur d’en-
trée, et
déterminer que le troisième processus de
trajectoire est actif à l’aide du routeur d’en-
trée, l’aéronef maintenant un vol continu le
long de la deuxième trajectoire de vol pen-
dant le deuxième basculement,
dans lequel les entrées de troisième plan
de vol comprennent une ou plusieurs des
entrées suivantes : une entrée de change-
ment de données de conditions météorolo-
giques, une entrée de changement de don-
nées de poids d’aéronef et une entrée de
changement de données de vitesse d’aéro-
nef.

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la première trajectoire de
vol comprend une trajectoire latérale (312, 322, 332).

8. Procédé selon l’une quelconque des revendications
1 à 6, dans lequel la première trajectoire de vol com-
prend une trajectoire latérale (312, 322, 332) et une
trajectoire verticale (314, 324, 334, 414, 434, 534).

9. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la réalisation du bascule-
ment de la commande de l’aéronef pour voler le long
de la première trajectoire de vol sur la commande
de l’aéronef pour voler le long de la deuxième tra-
jectoire de vol comprend la réalisation du bascule-
ment de la commande de l’aéronef pour voler le long
de la première trajectoire de vol sur la commande
de l’aéronef pour voler le long de la deuxième tra-
jectoire de vol sans interruption.

10. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la réalisation du bascule-
ment de la commande de l’aéronef pour voler le long
de la première trajectoire de vol sur la commande
de l’aéronef pour voler le long de la deuxième tra-
jectoire de vol sans interruption comprend le traite-
ment de la première trajectoire de vol et de la deuxiè-
me trajectoire de vol en parallèle tout au long du
basculement.

11. Dispositif informatique (102, 200), comprenant :

un calculateur de trajectoire (120) présentant un
premier processus de trajectoire (124A, 310,
610A), un deuxième processus de trajectoire

(124N, 330, 610N), et un routeur d’entrée (122)
associé à la fois au premier processus de tra-
jectoire et au deuxième processus de
trajectoire ;
un ou plusieurs transformateurs (203) ; et
un ou plusieurs supports non transitoires lisibles
par ordinateur (204) configurés pour stocker au
moins des instructions lisibles par ordinateur
(206) qui, à leur exécution par les un ou plusieurs
processeurs, amènent le dispositif informatique
à exécuter des fonctions comprenant :

la réception (810) d’une ou plusieurs en-
trées de premier plan de vol (140, 630) qui
comprennent un premier plan de vol pour
faire voler un aéronef (100) d’une origine à
une destination via un ou plusieurs points
de cheminement,
le calcul (820) d’une première trajectoire de
vol (312, 414) pour le premier plan de vol ;
tout en commandant (830) l’aéronef pour
voler le long de la première trajectoire de
vol :

la réception (830) d’une ou plusieurs
entrées de deuxième plan de vol (460)
qui remplacent le premier plan de vol
par un deuxième plan de vol ;
la détermination (830) que les entrées
de deuxième plan de vol comprennent
ou non une ou plusieurs des entrées
suivantes : une entrée de changement
d’origine, une entrée de changement
de destination, une entrée d’ajout d’un
point de cheminement à un ou plu-
sieurs points de cheminement, et une
entrée de suppression d’un point de
cheminement des un ou plusieurs
points de cheminement ; et
après la détermination que les entrées
de deuxième plan de vol comprennent
une ou plusieurs des entrées
suivantes : une entrée de changement
d’origine, une entrée de changement
de destination, une entrée d’ajout d’un
point de cheminement à un ou plu-
sieurs points de cheminement, et une
entrée de suppression d’un point de
cheminement des un ou plusieurs
points de cheminement, le calcul (830)
d’une deuxième trajectoire de vol (434 ,
534) pour le deuxième plan de vol ; et

après le calcul de la deuxième trajectoire
de vol, la réalisation (840) d’un basculement
de la commande de l’aéronef pour voler le
long de la première trajectoire de vol sur la
commande de l’aéronef pour voler le long
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de la deuxième trajectoire de vol, l’aéronef
maintenant un vol continu le long de la pre-
mière trajectoire de vol pendant le bascule-
ment,

dans lequel le calcul de la première trajectoire
de vol pour le premier plan de vol comprend le
calcul de la première trajectoire de vol pour le
premier plan de vol à l’aide du premier proces-
sus de trajectoire,
dans lequel le calcul de la deuxième trajectoire
de vol pour le deuxième plan de vol comprend
le calcul de la deuxième trajectoire de vol pour
le deuxième plan de vol à l’aide du deuxième
processus de trajectoire pendant que le premier
processus de trajectoire est actif, et
dans lequel la réalisation du basculement de la
commande de l’aéronef pour voler le long de la
première trajectoire de vol sur la commande de
l’aéronef pour voler le long de la deuxième tra-
jectoire de vol comprend :

la détermination que le premier processus
de trajectoire est inactif à l’aide du routeur
d’entrée ; et
la détermination que le deuxième proces-
sus de trajectoire est actif à l’aide du routeur
d’entrée.

12. Dispositif informatique selon la revendication 11,
dans lequel le routeur d’entrée comprend un moteur
de décision d’entrée (128), et dans lequel la réalisa-
tion du basculement de la commande de l’aéronef
pour voler le long de la première trajectoire de vol
sur la commande de l’aéronef pour voler le long de
la deuxième trajectoire de vol comprend :

la réception d’une indication de changement
(460, 630, 710) qui indique un changement d’un
plan de vol au niveau du routeur d’entrée ;
la détermination qu’il convient de changer de
processus de trajectoire en fonction de l’indica-
tion de changement à l’aide du moteur de déci-
sion d’entrée ; et
après la détermination qu’il convient de changer
de processus de trajectoire, la détermination par
le routeur d’entrée qu’il convient de basculer
(732) l’utilisation du premier processus de tra-
jectoire sur l’utilisation du deuxième processus
de trajectoire.

13. Dispositif informatique selon la revendication 12,
dans lequel l’indication de modification indique une
raison de changement du plan de vol (720),

dans lequel la détermination qu’il convient de
changer de processus de trajectoire en fonction
de l’indication de changement à l’aide du moteur

de décision d’entrée comprend la détermination
qu’il convient de changer de processus de tra-
jectoire en fonction de la raison de changement
du plan de vol, et
dans lequel la raison de changement du plan de
vol comprend une ou plusieurs des raisons
suivantes : une raison indiquant que le plan de
vol a été activé (730), une raison indiquant que
le plan de vol a été désactivé (740), une raison
indiquant que le plan de vol a été exécuté (730),
une raison indiquant que le plan de vol a été
abandonné (740) et une raison indiquant que le
plan de vol a été modifié (740).

14. Dispositif de calcul selon la revendication 12 ou 13,
comprenant en outre un routeur de sortie (126), dans
lequel la détermination qu’il convient de changer de
processus de trajectoire en fonction de l’indication
de changement à l’aide du moteur de décision d’en-
trée comprend :

la génération d’une ou plusieurs étiquettes (642)
indiquant un changement de processus de tra-
jectoire à l’aide du moteur de décision d’entrée ;
et
la fourniture des une ou plusieurs étiquettes in-
diquant le changement de processus de trajec-
toire au routeur de sortie,
dans lequel la fourniture des une ou plusieurs
étiquettes indiquant le changement de proces-
sus de trajectoire au routeur de sortie
comprend :

la fourniture d’une première étiquette des
une ou plusieurs étiquettes indiquant que le
premier plan de vol est inactif au premier
processus de trajectoire ; et
la fourniture d’une deuxième étiquette d’une
ou plusieurs étiquettes indiquant que le
deuxième plan de vol est actif au deuxième
processus de trajectoire ; et

dans lequel les fonctions comprennent en
outre :
après la fourniture des une ou plusieurs étiquet-
tes indiquant le changement de processus de
trajectoire au routeur de sortie, la fourniture
(662) par le routeur de sortie d’une sortie de tra-
jectoire de vol du deuxième processus de tra-
jectoire pour commander l’aéronef à un système
de gestion de vol de l’aéronef en fonction de la
deuxième trajectoire de vol.

15. Support non transitoire lisible par ordinateur sur le-
quel sont stockées des instructions lisibles par ordi-
nateur, qui, à leur exécution par les un ou plusieurs
processeurs d’un dispositif informatique associé à
un aéronef, amènent le dispositif informatique à réa-
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liser le procédé défini à la revendication 1.
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